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FOREWORD 

The Reactor Development Program Progress Report, issued 
monthly, is intended to be a means of reporting those items 
of significant technical progress which have occurred in 
both the specific reactor projects and the general engineer
ing research and development programs. The report is o r 
ganized in a way which, it is hoped, gives the c learest , most 
logical over-al l view of progress . The budget classification 
IS followed only in broad outline, and no attempt is made to 
report separately on each sub-activity number. Fur ther . 
since the intent is to report only items of significant prog
res s , not all activities are reported each month. In order 
to issue this report as soon as possible after the end of the 
month editorial work must necessari ly be limited. Also, 
since this is an informal progress report, the results and 
data presented should be understood to be preliminary and 
subject to change unless otherwise stated. 

The issuance of these reports is not intended to constitute 
publication in any sense of the word. Final results either 
will be submitted for publication in regular professional 
journals or will be published m the form of ANL topical 
repor t s . 

The last six reports issued 
in this se ries are: 

October 1961 ANL-6454 

November 1961 ANL-b473 

December 1961 ANL-6485 

January 1962 ANL-6509 

February 1962 ANL-6525 

March 1962 ANL-6544 
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I. WATER COOLED REACTORS 

A. General R e s e a r c h and Development 

1. Fuel Developnnent - Irradiation Studies 

A t h r e e - r o d prototype fuel e l ement cons i s t ing of UOj pe l l e t s in 
co l lapsed A - 2 8 8 aluminum alloy tubing removed s o m e t ime ago from the 
A N L - 2 High P r e s s u r e Water Loop at MTR (see P r o g r e s s Report, 
October 1961, ANL-t>4541, i s undergoing a hot ce l l examinat ion. D e s 
ignation of the e l ement is A N L - 2 - 1 3 . Each of the three rods in the e l ement 
IS It) in. long and contains a column of UOj pe l le t s (0.321 in. d i a m e t e r , 
3.05% enriched) which have a dens i ty 95% of theoret ica l . The wrought A-288 
aluminum al loy (1 w / o Ni. 0.5 w / o Fe , 0.1 w / o Ti, - .20 ppm Si) tubing used 
for cladding has an O.D. of 0 .385 in. with a wall th ickness of 0.030 in. One 
rod contains square end pe l l e t s with a O.OOl in. thick annular gap fil led 
with he l ium. Another rod contains square end pe l l e t s with zero gap prior 
to irradiat ion . This was accompl i shed by hydrostat ica l ly co l laps ing the 
tube on the pe l l e t s before irradiat ion. The third rod contains p e l l e t s with 
dished ends and an annular he l ium-f iUed gap 0.001 in. thick. 

During the three months that the e lement was under irradiat ion no 
f i s s ion product activity or other difficulty appeared. The hot laboratory 
examinat ion now in p r o g r e s s has a l so indicated that the e lement operated 
without diff iculty. The following observat ions have been made to date: 

The rod which contained square end pe l l e t s had elongated 0.021 in. 
The rod which contained square end pe l l e t s and which had been subjected 
to high external p r e s s u r e prior to irradiation to ensure cladding c o l l a p s e 
had elongated 0.015 in. The rod which contained pe l l e t s with dished ends 
had elongated 0.005 in. 

Scale depos i t ion approximate ly 0.002 in. thick was present on the 
ent ire a s s e m b l y . The s c a l e was co lored a h e m a t i t e - r e d , and is p r e s u m 
ably large ly composed of iron oxide that resul ted from c o r r o s i o n of the 
s t a i n l e s s s t e e l loop. The s c a l e was most tightly adherent on the sur face 
of the cladding where local boil ing had o c c u r r e d . 

The rod with square end pe l l e t s and which elongated 0.021 in. 
showed s o m e bulging where t e m p e r a t u r e s were h ighest . This is be l i eved 
to have resul ted from restra int of axial thermal expansion. The rod had 
shifted in i ts holder evidently at s o m e t ime early in the exper iment , so 
that the hot end of the rod could not expand free ly . 

The re su l t s obtained thus far indicate that ratcheting did not occur 
between the fuel p e l l e t s and the aluminum al loy cladding, part icular ly in 
the rod containing p e l l e t s with dished ends . It would therefore appear that 



ser ious cons ide ra t i on can be g iven to the u s e of wrough t a l u m i n u m a l loy 
tubing as a cladding m a t e r i a l for UO2 p e l l e t s in w a t e r r e a c t o r s and a l s o 
quite l ikely, in o r g a n i c - c o o l e d r e a c t o r s . The u s e of the m o r e e x p e n s i v e 
s in te red a luminum powder p r o d u c t tub ing in o r d e r to have f r e e - s t a n d i n g 
pel le ts does not appea r to be e s s e n t i a l . 

2. Heat Eng inee r ing 

The influence of vo ids in the d o w n c o m e r of a boi l ing w a t e r r e a c t o r 
was studied in connect ion with the s p e c t r a l - s h i f t c o n c e p t of r e a c t o r o p e r a 
t ion. The coolant ve loc i ty i s r e d u c e d by the i n t r o d u c t i o n of v o i d s in the 
downcomer and at the c o r e i n l e t . C a l c u l a t i o n s show t h e r e is a 30% r e d u c 
tion in the coolant ve loc i ty in a s y s t e m hav ing a void f r a c t i o n of 0.2 m both 
the downcomer and in the in le t p l e n u m and a void f r a c t i o n of 0.6 m the c o r e 
exit fluid when c o m p a r e d to a s y s t e m hav ing z e r o void f r a c t i o n s m the 
downcomer and inlet p lenum and a void f r a c t i o n of 0.4 in the c o r e ex i t 
fluid. The lower coolant ve loc i ty r e s u l t s in r e d u c e d p o w e r output of t he 
r e a c t o r . A study will be m a d e to c o m p a r e and e v a l u a t e the d i s a d v a n t a g e s 
resul t ing from the r educ t ion in power wi th the a d v a n t a g e s , s u c h a s 
achieving m o r e uni form fuel b u r n u p and s i m p l e r c o n t r o l . 

3. Ins t rumenta t ion 

The L a b o r a t o r y is conduct ing e v a l u a t i o n t e s t s at t he r e q u e s t of t he 
AEC on two u l t r a son i c t r a n s d u c e r s . The t e s t s w e r e to d e t e r m i n e the ab i l i ty 
of the t r a n s d u c e r s to de tec t s t e a m - w a t e r i n t e r f a c e l e v e l s and to d e t e r m i n e 
re l iabi l i ty of ope ra t ion under t e m p e r a t u r e and n u c l e a r e n v i r o n m e n t . 

The two u l t r a s o n i c l eve l t r a n s d u c e r s w e r e found to be l e a k y and 
were sent back to the m a n u f a c t u r e r s o m e t i m e ago ( s ee A N L - 6 2 6 9 , P r o g 
r e s s Repor t , November , I960) . The m a n u f a c t u r e r h a s r e t u r n e d the t r a n s 
duce r s for fur ther t e s t i n g . The p r e p a r a t o r y t e s t w o r k r e v e a l s t h a t it i s 
n e c e s s a r y to prov ide s e a l s to p r e v e n t m o i s t u r e f r o m e n t e r i n g t he m a g n e s i u m 
oxide cable . In addit ion, one of the t r a n s d u c e r s a p p e a r s to h a v e a q u e s t i o n 
able weld between the s igna l cab le s h e a t h and the t r a n s d u c e r b o d y . T h i s 
weld will be examined by X - r a y . 

B . EBWR 

Reac to r Component E x a m i n a t i o n s 

^- 17-4 PH Componen t s - The 17-4 P H , H- l lOO r a c k , p in ion shaf t , 
and sea l shaft on Cont ro l Rod No. 3 w e r e r e m o v e d for r o u t i n e e x a m i n a t i o n 
by magnaglow and dye p e n e t r a n t t e c h n i q u e s . No f laws w e r e d i s c o v e r e d in 
the 17-4 PH m a t e r i a l but c r a c k s w e r e found in the ^ " i " - d i a m e t e r Type 420 
s t a in l e s s s t ee l r o l l p in . The pin c o n n e c t s the p in ion shaft to the d r i v e 
shaft at a spl ined coupl ing . The l a t e r a l r e m o v a l of t h i s shaf t ing d i s e n g a g e s 



the pinion gear from the rack which is fixed to the control rod and fo l lower . 
This d e s i g n feature permi t s the control rod to be dropped back into the 
c o r e in c a s e malfunct ions occur in the l inkages between the motor dr ive 
and the rack. 

The pins in the other eight d r i v e s were examined and four 
were found to be cracked . An invest igat ion is being made to de termine 
the c a u s e of fai lure in the p ins . In the in ter im, the pin ho les in the male 
spl ine of the pinion shafts were increased in d iameter to a s s u r e that the 
spl ine and not the pin t r a n s m i t s the rotation f o r c e s . 

b. Control Rods - The No. 3 b o r o n - s t a i n l e s s s t ee l and the No. 9 
hafnium control rods were raised to the top of the water - f i l l ed reactor 
v e s s e l and exannined v isual ly under high intensity light with a m i r r o r and 
a low power p e r i s c o p e . Spotwelds , r i ve t s , and angle bends were scrut in ized 
in part icular detai l and no flaws were d i s c o v e r e d in these components . 

c. Burnable Po i son Strip - An irradiated 1.1% b o r o n - s t a i n l e s s 
s tee l s tr ip was removed for examination from a fuel e l ement spike after 
being exposed in the reactor for a total of b325 Mw-hr. 

The resu l t s of the examinat ion are s u m m a r i z e d : 

(1) The tack welds holding the s tr ip to the frame were 
phys ica l ly sound. 

(2) No de fec t s such as t e a r s , c r a c k s , e t c . , were o b s e r v e d . 

(3) Some brown crud was noted on the s tr ip , probably 
ferr ic oxide . 

(4) The boron str ip is s t i l l ducti le to a 100-degree bend. 

(5) The expected burnup of boron in the s tr ip is not ent i re ly 
corroborated by the lithium a n a l y s i s . 

The s tr ip was scanned with a gamma ray detec tor and the 
resu l t s are shown in F igure 1. This survey prov ides an approximate 
axial pattern of the flux. The unirradiated sample data is an ana lys i s of 
mater ia l from the same heat as the irradiated s a m p l e s . The irradiated 
s a m p l e s are identified in Figure 1. Boron and lithium a n a l y s e s were 
made on s a m p l e s 1. 2, and 3. The resu l t s are shown in Table I. Two 
bend t e s t s w e r e made on s a m p l e s A and C and one on B. These data are 
shown in Table II. From the bend t e s t s it can be noted that the mater ia l 
in location C has lost s o m e of its ducti l i ty while the mater ia l in s e c t i o n s A 
and B has retained the ducti l i ty of the unirradiated mater ia l . 



, 2 J 3 - CHEMICAL TEST SPECIMENS 

V « j . B, C, » C, - TEST BEND SPECIMENS 

X-^ 

I I I I LENGTH OF STRIP 

Figure 1 

A Scan of Gamma (y) Activity Level 
of a Boron Strip Removed from EBWR 
Irradiated Spike Fuel Element 

T a b l e I. B o r o n a n d L i t h i u m A n a l y s e s 

S a m p l e 

U n i r r a d i a t e d 
1 
2 
3 

B o r o n C o n t e n t , 

( w t - % ) 

1 . 2 7 / 1 . 2 9 

1 . 1 6 / 1 . 1 8 

1 . 2 1 / 1 . 2 3 

1 . 2 6 / 1 . 2 9 

L i t h l u m C o n t e n t , 
( w t - % ) 

0 

0 

0 

0 

0 3 1 

0 4 7 

0 1 8 

T a b l e 11. B e n d T e s t D a t a 

S a m p l e 

U n i r r a d i a t e d 

A, 

Az 

B 

Cl 

Ca 

A n g l e 
( d e g r e e s ) 

100 

180 

100 

180 

100 

180 

100 

190 

100 

160 

100 

110 

F o r c e * ( lb) 

Not m e a s u r e d 

152 

149 

1 7 4 

162 

152 

R e m a r k s 

N o c r a c k s . 

B e g a n t o c r a c k a t e d g e s 

No c r a c k s . 

B e g a n t o c r a c k a t e d g e s 

N o c r a c k s . 

B e g a n t o c r a c k a t e d g e s 

N o c r a c k s . 

S m a l l c r a c k s o n e d g e s . 

N o c r a c k s . 

S a m p l e b r o k e i n t w o . 

No c r a c k s . 

S a m p l e b r o k e i n t w o . 

P i n d i a m e t e r for a l l b e n d s i s + 



Thickness measurements of unirr.idiated str ips ranged from 
0.060 in. to 0.062 in. The i rradiated str ip ranged in thickness from 0.060 in. 
to 0.064 in. This small deviation could be due to the film of crud or to the 
rolling tolerances. 

Z. EBWR Soluble Poison Control System - lOO-Mw Operation 

The soluble poison addition system has been found adequate to 
provide holddown and shim control for 100-Mw operation. The addition 
pumps have been calibrated for reactor p ressu res to 600 psig. The pump
ing rate of the two fixed speed units, operated from the EBWR Control 
Room, exceeds the design specifications of 2.87 gpm up to 300 psi, and 
effectively equals the specified rate of 2.83 gpm at bOO psig. In addition 
a variable rate pump provided specifically for use during filling operations 
was also calibrated. 

The neutron attenuation instrument for monitoring the soluble poison 
concentration in EBWR water has undergone improvement and evaluation. 
The manual monitor, using a 1.25 x 10* n/sec plutonium-beryllium source, 
has been part icularly reliable in performance. The continuous monitor has 
been modified from the original design described in ANL-6439* to improve 
long-term stability and facilitate periodic maintenance and calibration. 

The purification (removal of soluble poison) system is still under
going study and evaluation to determine optimum operating pa ramete r s 
for use at the higher power levels. 

3. EBWR Control Rod Calibration 

The present core of EBWR has been loaded with iZ spikes. 28 of 
which are located in the ring just outside the control rods. The spikes 
have an average of 1.57 poison s tr ips per spike. 

With the present loading of the reactor , and with its new set of 
control rods with Zircaloy followers, the reactor is capable of meeting 
the cold shutdown requirements specified in the Hazards Summary Report, 
ANL-5781-Addendum (Rev. 1). It has been estimated also, that there is 
sufficient reactivity in the core to enable the reactor to go to 80 Mw, and 
possibly up to 100 Mw if favorable hydrodynamic conditions prevail . 

Two additional calibrations were made for the new set of control 
rods. The poison section of rods Nos. 1-8 consist of heat treated 2 wt-% 
boron-stainless steel alloy and rod No. 9 is made of hafnium. All rods 
have Zircaloy followers. One calibration was made using all rods in bank 
control and the second calibration was made with the central rod. No. 9, 
moved with respect to the balance of the rods. No. 1-8, moved as a bank. 
The data are currently being analyzed. 

*Ral jnd J. Armani. "The Cunllniwui Muiiiuiiliig o( Bolii Acid Coiicciiiralion hy Nciiuoii 
Abwxpiiomcify.- AN1.-C4.19 (Ociobcr, luei) . 



4. P lu ton ium R e c y c l e Study 

A s tudy of p lu ton ium r e c y c l e r e a c t o r s y s t e m s h a s b e e n i n i t i a t e d . 
The object ive of the s tudy is to def ine a p r o g r a m to be c a r r i e d out wi th 
the EBWR r e a c t o r which would be use fu l in the d e v e l o p m e n t of p l u t o n i u m 
r e c y c l e s y s t e m s . The s tudy n a t u r a l l y fa l l s into two p h a s e s : 

(1) to specify one or m o r e p r o m i s i n g f u l l - s c a l e r e c y c l e s y s t e m s 
and to d e t e r m i n e the c h a r a c t e r i s t i c s and r e l a t i v e m e r i t s of 
t h e s e s y s t e m s 

(2) to define an EBWR p r o g r a m which wi l l be use fu l in t h e above 
specif ied s y s t e m s . 

The in i t i a l effor ts wi l l be r e s t r i c t e d to the f i r s t p h a s e and wi l l be 
fur ther o r ien ted to the p o s s i b l e u s e of a fas t and t h e r m a l r e a c t o r c o m p l e x 
in which the two r e a c t o r s a r e coupled t h r o u g h fuel e x c h a n g e ( e .g . , the fuel 
b r e d in the fast r e a c t o r b lanke t wil l be u s e d , wi thou t r e p r o c e s s i n g , a s fuel 
for the t h e r m a l r e a c t o r , and the p r o c e s s e d fuel a f t e r i n t r o d u c t i o n in the 
t h e r m a l r e a c t o r wil l be u s e d as m a k e u p m a t e r i a l for the f a s t c o r e ) . 

C. BORAX-V 

1- Opera t ions and E x p e r i m e n t s 

E x p e r i m e n t s w e r e p e r f o r m e d with the r e a c t o r l oaded with 60 b o i l 
ing fuel a s s e m b l i e s , each with f o r t y - n i n e 5 % - e n r i c h e d fuel r o d s , e x c e p t 
for 36 b o r o n - s t a i n l e s s s t ee l r o d s s u b s t i t u t e d for fuel r o d s . A t o t a l of 
35 kg of bor i c acid was d i s so lved in the r e a c t o r w a t e r to c o m p e n s a t e for 
exces s reac t iv i ty so that c o n t r o l r o d s could be w i t h d r a w n to c a l i b r a t e 
the i r r eac t iv i ty wor th . The to ta l c o n t r o l rod w o r t h was found to b e about 
19% Ak/k . The to ta l e x c e s s r e a c t i v i t y a v a i l a b l e in the co ld c l e a n r e a c t o r 
is 12% Ak/k, and the shutdown m a r g i n u n d e r t h e s e c o n d i t i o n s i s 7% A k / k . 

Subst i tut ions w e r e m a d e with th i s c o r e loading p o i s o n e d wi th b o r i c 
acid as a r e f e r e n c e . B o r o n - s t a i n l e s s s t e e l po i son r o d s w e r e s u b s t i t u t e d 
for fuel rods in t h r e e pos i t ions denoted by the l e t t e r s "a , " " b , " and " c " in 
F i g u r e 2. The r e su l t i ng r eac t i v i t y changes w e r e , - 0 . 0 9 , - 0 . 0 9 and 
-0.049% Ak/k per rod, r e s p e c t i v e l y . The net effect of the b o r o n in one of 
t he se rods m pos i t ion "a" was found to be -0 .065% A k / k p e r r o d . T h i s 
was d e t e r m i n e d by compar ing the effect of s t a i n l e s s s t e e l r o d s wi th the 

rod". - . K ? " " * " ' . " ' " ' ^ ' ' ' ' ' ^"'^^^ Subst i tu t ion of w a t e r r o d s for fuel 
rods m the a pos i t ion m a d e a v e r y s l ight nega t i ve c h a n g e . The w a t e r 
rods a r e hollow a luminum tubes which fill with the w a t e r m the r e a c o r 
containing bo r i c acid in th i s c a s e . r e a c t o r 
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Substituting 10%-enriched for 5%-enriched fuel rods in the positions 
marked "a." "d," and "e" on Figure 2 resulted in reactivity changes of 
+0.011. +0.006. and •0.003% Ak/k per rod. 

The effect of changing temperature from 79 to 112°F at the boric 
acid concentration of 18.75 gm/gallon is about +.047% .Cik/k. When the 
correction is made for the net change of boric acid resulting from the 
expansion of water and the core structure, the reactivity effect from the 
temperature change is essentially zero. 

The reactivity worths of simulated voids in the moderator were 
measured at room temperature on the boiling core poisoned with boric 
acid. To make the measurements , aluminum void tubes were compared 
with water-filled tubes in the coolant channels and upper reflector of the 
boiling fuel assemblies . The average value for the reactivity worth of 
boric acid solution throughout the core was used to rorrec l the void worth 
measurements for the effect of displaced boric acid. 



With 120 void t u b e s , r e p r e s e n t i n g about 0.5 v / o of the w a t e r in the 
c o r e , un i fo rmly d i s t r i b u t e d t h roughou t the c o r e , the upper r e f l e c t o r and 
the upper two i nches of the l o w e r r e f l e c t o r , the void coeff ic ient was m e a s 
u red to be -0 .36% A k / k / % void . The s a m e amount of void d i s t r i b u t e d 
non-un i fo rmly to s i m u l a t e an a c t u a l bo i l ing c o r e void d i s t r i b u t i o n gave a 
void coefficient of about - 0 . 4 5 % A k / k / % void . With the s a m e void u n i f o r m l y 
d i s t r ibu ted th rough the c e n t r a l 16 fuel a s s e m b l i e s only, the coef f ic ien t was 
m e a s u r e d to be rough ly - 0 . 5 5 % A k / k / % void . 

To d e t e r m i n e the effect of i n c r e a s e d w a t e r - f u e l r a t i o on the r e 
activity wor th of vo ids , the five fuel r o d s in the c e n t r a l 16 fuel a s s e m b l i e s 
only, located as shown in F i g u r e 2, w e r e r e p l a c e d with w a t e r r o d s . This 
changes the H2O - U^^^ weight r a t i o in t h e s e a s s e m b l i e s f r o m 4.99 in the 
r e f e r ence core to 5.73, an i n c r e a s e of 14.8%. The void w o r t h with the 
i nc r ea sed wa te r - fue l r a t io was a p p r o x i m a t e l y one -ha l f the va lue m e a s 
u red for the r e f e r e n c e c o r e r a t i o . The change in a v a i l a b l e e x c e s s r eac t i v i t y 
due to the subs t i tu t ion of wa t e r r o d s for fuel r o d s was -0 .44% A k / k . 

As r epo r t ed in ANL-6302 ,* the c a l c u l a t e d w o r t h of voids d i s t r i b u t e d 
only in the core at room t e m p e r a t u r e , not c o n s i d e r i n g s t r e a m i n g th rough 
the upper and lower r e f l ec to r , was - 0 . 2 1 % A k / k / % void . To c h e c k the 
calculat ional techniques used , add i t iona l p r o b l e m s have b e e n p r e p a r e d 
using the same p a r a m e t e r s ( including b o r i c ac id) as in the above void 
worth m e a s u r e m e n t s . 

Flux wire i r r a d i a t i o n s w e r e m a d e to obta in d e t a i l e d and o v e r a l l 
t he rma l flux d i s t r ibu t ions and c a d m i u m r a t i o s . Using 3^-% U^^^-Zr al loy 
and gold w i r e s , both b a r e and c a d m i u m - c o v e r e d , r e s u l t s ob ta ined f rom 
short wi res (-jin. in length) a r e being c o m p a r e d with r e s u l t s u s ing 36 - in . 
long wi res to check the be ta counting eff iciency of the a u t o m a t i c flux w i r e 
scanner . F igure 3 shows typica l r ad i a l flux p a t t e r n s for the boi l ing c o r e 
m e a s u r e d in the posi t ions shown on F i g u r e 2. 

Figure 3 

BORAX-V Radial Flux Plot 
at Axial Midplane 

•Points 13through Z4are measured 
from the core center tine extending 
between Control rods No. 0 and 5. 

Distance From Center ol Coretin.l-

R. E. Rice, et al. Design and Hazards Summary Report (BORAX-V) May, 



Measurements are .ilso being m.ide in -J- in. O.D. s tainless steel 
thimbles to simul.ite the flux me.isurements lo be- m.ide .it power with the 
flux wires in p ressu re thimbles and to obtain the effect of the s tainless 
steel thimbles on Cd-ra t io . 

Fine flux mapping of one octant of the core was concluded. 
Uranium-Zr wires were held adjacent to fuel rods within a fuel assembly 
by means of a polyethylene block which was pierced by the fuel rods. 
Proper locations for poison rods, water rods and 10%-enriched fuel rods 
will be determined upon analysis of the flux plots. 

A comparison of a standard fuel assembly at the center of the core , 
with one containing five water rods instead of fuel rods in the center of the 
assembly, has been made using fine flux plots. The peak flux levels were 
normalized, and the power production in the assembly with water rods was 
only about 2% less in spite of having 10% fewer fuel rods. The peak-to-
average flux level m the assembly dropped from 1.44 to 1.27 when the 
water rods were added. 

2. Production and Fabrication 

a. Superheat Core - Production fuel plates required under provisions 
of the Atomics International contract contain either depleted UOj (types HCD. 
FCD. HPD. and FPD) or enriched UOj (types HCE. FCE, HPE, and FPE) . 
All fuel plates containing depleted UOj have been received from AI, inspected 
and accepted by ANL. All required fuel plates containing enriched UOj have 
also been received. Inspection of these enriched plates is current ly being 
performed. 

Of the original 190 type HCE plates received, two were rejected. 
Replacements for these two rejected plates have subsequently been received 
from AI, and upon evaluation were found to be acceptable. No additional 
type HCE plates a re required under the contract provisions. The 190 type 
FCE plates which were supplied by AI have been inspected and all except 
five have been accepted. The five rejected plates a re to be replaced. 

A total of 138 type HPE plates have been completely evaluated. 
Only one of these has been rejected to date. Except for the nondestructive 
test for bond integrity, all of the type FPE plates have been inspected. 
Ultrasonic through t ransmiss ion testing and tabulation of all other inspec
tion data, on remaining type HPE and type FPE plates, is continuing. 

Another group of five developmental superheater fuel elements 
was assembled and vacuum brazed. Two of the elements were composed 
of depleted per ipheral type plates, and three elements were assembled 
uaing solid s ta inless steel plates instead of fuel pl.iles. The procedures 
which were varied in the assembly and br.i/.ing of these <-lemrnts are 
shown in Table III. 
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T a b l e III. D e v e l o p m e n t a l S u p e r h e a t e r F u e l E l e m e n t s 

Fue l E l e m e n t 1 

Fuel E l emen t 2 

Dummy E lemen t 1 

Dummy Elemen t 2 

Dummy Elemen t 3 

B r a z e Al loy 
A p p l i c a t i o n 

S ides & T o p s of 
S p a c e r W i r e s 

S ides & T o p s of 
S p a c e r W i r e s 

Sides & Tops of 
S p a c e r W i r e s 

Sides of S p a c e r 
W i r e s Only 

One Side of 
S p a c e r W i r e s 

P l a t e Sur face 
P r e p a r a t i o n 

HNO3-HF P i c k l e d 
HNO3 P s s s i v a t e d 
Cold F i n i s h e d 

HNO3-HF P i c k l e d 
HNO3 P a s s i v a t e d 
Cold F i n i s h e d 

HNO3-HF P i c k l e d 
HNO3 P a s s i v a t e d 

As Ro l l ed 

As R o l l e d 

F u r n a c e 
P o s i t i o n 

H o r i z o n t a l 

H o r i z o n t a l 

H o r i z o n t a l 

H o r i z o n t a l 

V e r t i c a l 
(on edge) 

D e s t r u c t i v e e x a m i n a t i o n of t h e s e e l e m e n t s w a s c a r r i e d out to 
d e t e r m i n e the s u c c e s s of the b r a z i n g o p e r a t i o n . The d e g r e e and a d e q u a c y 
of bonding in d u m m y e l e m e n t s 2 and 3 was m u c h g r e a t e r t h a n for t he o the r 
t h r e e e l e m e n t s . It a p p e a r s tha t in the two s a t i s f a c t o r i l y b r a z e d e l e m e n t s , 
the b r a z e al loy r e m a i n e d n e a r the jo in t a r e a s and was a v a i l a b l e to p r o d u c e 
a sound bond be tween adjoining p a r t s . The a l loy was s p r e a d out m o r e thinly 
and comple te ly over the p la te s u r f a c e s in t he o t h e r t h r e e e l e m e n t s and, con
sequent ly , not enough was ava i l ab l e at j unc t i on l o c a t i o n s to a c h i e v e thorough 
bonding. 

These r e s u l t s ind ica te tha t the s u r f a c e cond i t i on of the fuel 
p la t e s affects the extent of flowing o r s p r e a d i n g of t he b r a z e a l l o y . In 
o r d e r to t e s t th is h y p o t h e s i s , s e v e r a l 3 - i n c h - s q u a r e , th in s t a i n l e s s s t e e l 
p la t e s w e r e subjected to v a r i o u s s u r f a c e t r e a t m e n t s . B r a z e a l l oy w a s 
then applied in equal amoun t s to each s a m p l e and the s a m p l e s w e r e s u b 
jec ted to the s t anda rd vacuum b r a z i n g c y c l e . The r e s u l t s o b t a i n e d a r e 
shown m Table IV. 

th<. r^ ^ ,, ^ . ' " " ' ^ ^ ^ Pi^'^l'^'i- p a s s i v a t e d , and w i r e b r u s h e d s a m p l e g a v e 
w e r ^ w l r e b " " . .' ' T ' ' ^ ' '"^^ ^ " ^ ' " " ^ °^ '°^^ "^^'-'-^ p e r i p h e r a l p l a t e s 
T l e m e l w a s " : T ^ ' ^^^^^^'r - ^ v a c u u m b r a z i n g , the d e p l e t e d 
: l t : ^ f r : t : r T i ; r r r d ' 0 ° n ? : i : " ^ " ^ ^ ^ e x a m i n a t i o n and w a s foun'd to be 
to a hydros taUc pr t u ^ e te'st F X r ^ ^ ' ^ ' ^ f ''': ^ ° " ^ * " ^ ^""^^'^'^'^ 
r a t h e r than at the b r a z e d joTnts " " " ' ' ^^ ' ^^^ '""^ ''''' P^^^^^ 
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Table IV. Effect of Surface Preparation on Flow of Braze Alloy 

Sample Extent of Flow 
Number Surface Preparat ion (Relative Position) 

1 As stocked 3 

2 HNO,-HF pickled 5 

3 HNOj-HF pickled ^ 
HNOj passivated 

4 HNO,-HF pickled 
H N O J passivated 4 
Heated in air to 800°F 

5 HNOj-HF pickled 
H N O J passivated 1 (least flow) 
Wire brushed 

6 HNOj-HF pickled 
H N O J passivated 2 
Steel wool abraded 

7 HNOj-HF pickled 
HNO, passivated 7 (most flow) 
Sand blasted 

The surfaces of 20 more depleted plates were prepared for 
brazing by stainless steel wire brushing and stainless steel wool abrading. 
Since not enough production depleted fuel plates were available for five 
elements , a group of rejected, depleted plates was used. After assembly, 
three of the elements were brazed at 2150°F and two at 2100''F. Metallo
graphic examination and hydrostatic p re s su re testing, indicated that the 
brazed joints are satisfactory, but that the 2150°F brazing tempera ture 
is super ior . Corrosion tes ts were run in water at 3 1 5''C and in steam at 
650°C on samples of wi re-brushed, depleted plates to determine if wire 
brushing of the Type 304L stainless steel surface affected the corrosion 
res is tance of the mater ia l . The samples tested in 315°C water indicated 
satisfactory corrosion res is tance after 144 hours and the b50°C test is 
• till continuing. 

Metallographic examination of end and center sections from 
each of the last six elements brazed has been performed. Spacer wi re - to -
plate joints have been satisfactorily bonded in all cases . It should be kept 
in mind, however, that porosity and incompletely filled side plate channels 
have been found to some degree in every element produced thus far. 
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b . R e a c t o r C o m p o n e n t s - F a b r i c a t i o n of e leven Type 304L s t a i n 
l e s s s t e e l c lad p o i s o n s e c t i o n s of the new c o n t r o l r o d s w a s c o m p l e t e d . The 
r o d s w e r e h e l i u m l eak t e s t e d , dye p e n e t r a n t t e s t e d , and t h e n a u t o c l a v e 
t e s t e d for s even d a y s at 600 p s i g , 486°F cond i t i ons . No i n d i c a t i o n of l e a k s 
or swel l ing in the r o d s w a s found, but the c ladding b e t w e e n s l u g s in t he g a s 
expansion space r e g i o n was d i s h e d s l i g h t l y . The po i son s e c t i o n s h a v e b e e n 
s t r a i gh t ened ( they had not p r e v i o u s l y b e e n s t r a i g h t e n e d ) and r e i n s t a l l e d m 
the au toc lave for add i t i ona l t e s t i n g . The X - 8 0 0 1 a l u m i n u m fo l lower and 
s t a i n l e s s s t e e l c r u c i f o r m e x t e n s i o n p o r t i o n s of t h e s e r o d s a r e c o m p l e t e 
and r eady for a s s e m b l y . 

Ten 17-4 P H , c h r o m e - p l a t e d , s t a i n l e s s s t e e l c o n t r o l r od e x 
tens ion shafts have been d e l i v e r e d to the r e a c t o r s i t e . One s p a r e shaft is 
being fab r i ca ted . 

The d u m m y c o n t r o l rod wi th t he new d e s i g n of f o l l o w e r - t o -
c ruc i fo rm ex tens ion m e c h a n i c a l jo in t h a s b e e n s c r a m m e d 1,000 t i m e s at 
600 ps ig , 486°F condi t ions with no d a m a g e to t h e jo in t o r r o d . 

3. Development and T e s t i n g 

a. P lan t T e s t s - The e x p e r i m e n t s wi th a bo i l ing c o r e u s i n g b o r i c 
acid a r e s t i l l p r o c e e d i n g . A s y s t e m for d i s s o l v i n g , i n j ec t i ng , and s a m p l i n g 
bor i c acid was a s s e m b l e d and u s e d for t h i s w o r k . D u r i n g t h i s p e r i o d 51 
s a m p l e s of the bo r i c acid so lu t ion in the r e a c t o r v e s s e l w e r e a n a l y z e d for 
bo r i c acid concen t ra t ion . This invo lved p e r f o r m a n c e of 105 s e p a r a t e d e 
t e r m i n a t i o n s . Over s ix ty m o r e s a m p l e s w e r e t a k e n for s t o r a g e in c a s e 
check r e s u l t s w e r e d e s i r e d . Sampl ing at the t op , the m i d d l e , and the b o t 
tom of the r e a c t o r v e s s e l showed tha t m i x i n g for one h o u r wi th t he a u x i l i a r y 
pump gave a comple te ly homogeneous so lu t ion . After t h i s w a s e s t a b l i s h e d , 
al l fur ther s ample s w e r e t aken jus t at the top of the r e a c t o r c o r e . 

^- Water C h e m i s t r y T e s t s - T e s t s of P o l y b o r - The p r e l i m i n a r y 
pH cont ro l , a luminum c o r r o s i o n , and d e m i n e r a l i z a t i o n t e s t on P o l y b o r 
(d i sod ium-oc tabora te ) w e r e c o m p l e t e d . In a p r e v i o u s r e p o r t , it w a s s t a t e d , 
tenta t ively , that a bo ron -con t a in ing gas was g iven off d u r i n g the d e m i n e r a l 
izat ion t e s t s . This gas was subsequen t ly iden t i f i ed a s COj and the b o r o n 
indicat ion was found to be s p u r i o u s . The C(\ was g iven off b e c a u s e the 
ion-exchange r e s i n used had been exposed to a i r for a long p e r i o d p r i o r 
to Its use m the t e s t s . It was found that P o l y b o r or a m i x t u r e of P o l y b o r -
bor ic acid can success fu l ly be r e m o v e d f rom so lu t ion u s ing a m i x e d bed 
ion-exchange r e s i n containing s t rong anion and ca t i on r e s i n s . 

lower the pH ^f l o l y r r ' s ' l u a ^ s ^ . ' " ^ ^ ' " " ^ " " ^ ^ ^ '^^'^ ^^ ^ ^ ^ 
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The c o r r o s i o n t e s t s on aluminum (X-8001) and 304 s t a i n l e s s 
Steel sample couples in Polybor and Po lybor -bor ic acid so lut ions at 
700 ps ig saturated condit ions showed that .i reactor shutdown using these 
so lut ions could permanent ly and s e r i o u s l y damage a reactor having a lu
minum fuel cladding or s tructural parts . B e c a u s e the c o r r o s i o n t e s t s 
w e r e per formed before m e a s u r e d data on boron worth had been obtained 
from BORAX V, the concentrat ions used in these t e s t s were found to be 
roughly 4-|- t i m e s the concentrat ions needed to shut down BORAX V. 
After the t e s t s , the s t a i n l e s s s tee l s a m p l e s were lightly coated with 
a - a l u m i n u m oxide or boehmite . The aluminum s a m p l e s were thickly 
coated with two l a y e r s of very adherent boehmite . A heavy (1-2 mi l s ) 
black, bri t t le layer was found adjacent to the meta l . This was covered 
by a white crust of the same s to i ch iometr i c compos i t ion . The coating 
was adherent and neither layer was removed by 60 hours of soaking in 
room t e m p e r a t u r e water . An ana lys i s of the two l a y e r s showed that the 
black layer contained approximate ly 3.5% boron by weight and the white 
layer approximate ly 0.5% boron. The black layer contained 5% iron 
which probably was present as magnet i te and accounts for its black 
c o l o r . 

During the autoclaving of the s a m p l e s m the Polybor so lut ions , 
p r e s s u r e g a g e s showed wide variat ions above the saturation value given by 
s t e a m tab les for the test t e m p e r a t u r e . The p r e s s u r e was cyc l ed at varying 
rates during the ent ire test period and after cool ing the a u t o c l a v e s , a r e s i d 
ual p r e s s u r e of about 300 lb remained . No means of sampl ing was ava i l 
able , hence the gas could not be identified, tentat ively , however , it i s 
thought to be hydrogen from react ion of the aluminum with the Polybor 
so lut ion. 

Further t e s t s are planned using much m o r e dilute so lu t ions , 
taps for gas s a m p l e s , and p r e s s u r e t ransducers and r e c o r d e r s to obtain 
a record of the gas generat ion and reabsorpt ion behavior . 

c. Recombiner T e s t s - Resu l t s of c o r r o s i o n test on s a m p l e s of 
Type 304 s t a i n l e s s s t e e l in highly oxygenated superheated s t e a m of 1200"'F 
by ANL and o t h e r s indicate that the high oxygen content of the s t e a m is 
conducive to s e v e r e surface oxidation and spal l ing and to chlor ide s t r e s s 
c o r r o s i o n . T h e r e f o r e , it i s d e e m e d d e s i r a b l e to reduce or neutra l ize the 
amount of oxygen in the saturated s t eam from the boil ing zone of the 
reactor before it e n t e r s the superhea ter . The oxygen might be reduced 
e i ther by cata lyt ic recombinat ion or by continuous addition of H^ gas to 
the reac tor water . 

A t e s t rig for de termin ing the feas ibi l i ty of ef fect ive r e c o m 
bination of the radio lyt ica l ly formed free Hj and Oj gas by m e a n s of a 
plat inized d e m i s t e r pad in the reactor v e s s e l s t e a m dome has been built . 
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Preliminary shakedown steaming runs on this equipment have been 
accomplished this month to check instrumentation, head loss through 
the demister and performance. Several modifications have been made 
to improve steam flow conditions and s team-water separation. 

d Corrosion of Structural Materials in Superheated Steam - Thei 
has been no"SriSgriirb^hIvior of the previously discussed ma te r i a l s in 
oxygenated superheated steam at 650°C and 600 psi . 

In addition to these mate r ia l s , Inconel and Croloy 2\ (low 
alloy steel) have been tested. Inconel samples , with a variety of surface 
treatments, exhibited adherent films and a low corrosion ra te which de
creases with time. Croloy 2 i h a d a very high weight gain (-3500 mg/dm ) 
after 7 days. 

Additional samples of Type 304 subjected to various chemical 
surface treatments showed the severe spalling found to be typical in the 
initial exposure periods. 
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II, UQUID METAL COOLED REACTORS 

A. General Research and Development 

1 Z P R - m 

a. Experimental - In continuation of the crit ical studies of shape 
effect. Assembly 39 was constructed in ZPR-lU. This is a spherical ver 
sion of Assembly 31. a cylinder whose composition simulated a metal l ic , 
low-density uranium fueled core with a high-density, depleted uranium 
blanket. Thus Assemblies 39 and 31 form a set s imilar in size to the p re 
vious 38 (spherical) and 24 (cylindrical) The set 39 and 31 have compo
sition which corresponds to reactor No. 3 of Loewenstein and Main's shape 
factor studies, ANL-6403, except for the substitution of sodium for aluminum. 
The set 38 and 24 correspond rather closely to the composition of Loewen
stein and Main's reactor No. I, a high-density, metallic uraniunn core. Thus 
several experimental check points are now available for comparison with 
ANL-6403 The cri t ical mass of Assembly 39 has now been found to be 
426.7 kg U"* 

It is understood that several improvements in the calculations of 
ANL-6403 have been effected since publication, so that any comparison 
made now between the experiment and published values may be subject to 
revision However, Table V is presented here to give some tentative 
comparisons. In Table V the est imated maximum shape factors are those 
where the curve of shape factor versus L / D reaches its peak. In ANL-6403 
these values a re obtained as a result of a ser ies of calculations at differ
ent L, D values 

Table V. Experimental and Calculated Shape Factors 

Ass 'y 

38 
24 

39 
31 

Shape 

Sphere 
Cylinder, 

L / D = 0.93 

Sphere 
Cylinder. 

L / D = 0.73 

Core Type 

High Density 
High Density 

Low Density 
Low Density 

Experime 

Observed 

1 
> 0.920 

1 '> 0.922 

Shape 

ntal 

Est. 
Max. 

0 920 

0.932 

Factor 

Calculated 

Est. 
Calc. Max. 

0.99 0.99 

0 9 2 0.93 
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In the expe r imen ta l c a s e , only one L / D r a t i o was s tud ied a t e a c h c o m p o s i 
tion and the re fo re the e x p e r i m e n t a l e s t i m a t e d m a x i m u m is ob ta ined by 
assi lming that the ca l cu la t ed c u r v e shape is c o r r e c t with p e r h a p s s o m e 
overa l l d i sp l acemen t . 

The e x p e r i m e n t s a r e p e r f o r m e d on s y s t e m s having a c e r t a i n 
degree of he te rogene i ty , be ing c o m p o s e d of ^ in. p l a t e s . They a r e a l s o 
subject to unce r t a in t i e s due to the n e c e s s i t y of a p p r o x i m a t i n g c u r v e d 
shapes with a r e c t a n g u l a r m o d u l e . T h e s e u n c e r t a i n t i e s a r e s m a l l and 
in addition, a r e expected to be f a i r l y c o n s t a n t t h r o u g h o u t the whole s e r i e s 
of e x p e r i m e n t s . With t he se m i n o r r e s e r v a t i o n s , the c o n c l u s i o n f r o m the 
exper imenta l r e s u l t s is tha t the c o r e d e n s i t y has l e s s effect on s h a p e 
factor than the ca lcu la t ions s e e m e d to i n d i c a t e . 

E x p e r i m e n t s a r e cont inuing on A s s e m b l y 39 to ob ta in flux 
t r a v e r s e s , p a r t i c u l a r l y to d e t e r m i n e if the h e t e r o g e n e i t y of the m a t e r i a l s 
in t roduces major a n i s o t r o p i c s in the buck l ing . 

b. T h e o r e t i c a l - It has been u s u a l in c a l c u l a t i o n s of Z P R - I I I 
cyl indr ica l a s s e m b l i e s to use e s t i m a t e d shape f a c t o r s to c o n v e r t c a l c u l a t e d 
spher ica l m a s s e s to c y l i n d r i c a l c r i t i c a l m a s s e s . Shape f a c t o r s b a s e d upon 
Figure 6-2 in ANL-5800 (Reac to r P h y s i c s C o n s t a n t s ) have g e n e r a l l y b e e n 
used. 

To e s t ima te the extent that u n c e r t a i n t y in s h a p e f a c t o r s m a y be 
respons ib le for d i s c r e p a n c i e s be tween e x p e r i m e n t a l and c a l c u l a t e d c r i t i c a l 
m a s s e s th ree a s s e m b l i e s have been c a l c u l a t e d us ing a t w o - d i m e n s i o n a l 
t r a n s p o r t code in x -z g e o m e t r y . The Los A l a m o s TDC code in the S4 a p 
proximat ion was used with two e n e r g y g r o u p s having l o w e r e n e r g y l i m i t s 
of 1.35 Mev and 9.12 kev. The c o r r e s p o n d i n g s p h e r i c a l c a s e s w e r e c a l 
culated using the Los A lamos DSN code in the S4 a p p r o x i m a t i o n . The 
a s s e m b l i e s studied a r e Nos. 23, 32, and 31 which a r e e a c h fueled wi th 
U and have as di luents a l u m i n u m , s t e e l , and a l u m i n u m and s t e e l , r e 
spect ively. These a s s e m b l i e s w e r e chosen b e c a u s e they have p r e v i o u s l y 
been calculated by the m e t h o d s c u r r e n t l y thought to be the m o s t a c c u r a t e 
and which include c o n s i d e r a t i o n of r e s o n a n c e s c a t t e r i n g and the u s e of 
conserva t ive values for d y U " / d E . * In the p r e v i o u s c a l c u l a t i o n s the 
s tee l a s s e m b l y had exhibi ted a s m a l l c a l c u l a t e d c r i t i c a l m a s s r e l a t i v e 
to other a s s e m b l i e s . The o v e r p r e d i c t i o n s of r e a c t i v i t i e s w e r e abou t 
+ 1.0% k, +Z.7% k, and +2.1% k, r e s p e c t i v e l y . In tha t s tudy shape f a c t o r s 
of 0.94 were a s s u m e d in a l l c a s e s . 

The p r e s e n t TDC ca l cu l a t i ons give shape f a c t o r s of 0-944, 0 .932, 
and 0.913 for the r e s p e c t i v e s y s t e m s . The L / D v a l u e s a r e 0.84, 1.17, and 
0.69. The ove rp red ic t ion of r e a c t i v i t i e s for a s s e m b l i e s 32 and 31 a r e r e 
duced to about +2.5% k and +1.5% k, r e s p e c t i v e l y . 

* D . Meneghett i , "Effect of R e s o n a n c e S c a t t e r i n g on C r i t i c a l i t y C a l c u l a 
tions of F a s t A s s e m b l i e s , " ANL-6466 ( D e c e m b e r , 1961). 
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In another study related to the shape factor the va lues given in 
A N L - 6 4 0 3 * have been r e - e x a m i n e d because of a s l ight d i screpancy 
(~0 .5% AK k) between a predicted and a m e a s u r e d (ANL-6544) value. Some 
e r r o r s have been found. The shape factors reported in Table IV of 
A N L - 6 4 0 5 should be rev i s ed as fol lows: 

Reactor I (High dens i ty core , high densi ty ref lector) : 
All va lues lowered by 6.3%. 

Reactor II (Low densi ty core , low densi ty ref lector) : 
All va lues unchanged. 

Reactor 111 (Low densi ty core , high dens i ty re f lec tor) : 
Al l va lues lowered by 3.0%. 

Reactor IV (High density core , low density ref lector) : 
All va lues lowered by 3.9%. 

The corre la t ion between shape factor and the ratio of the 
s p h e r i c a l to cy l indr ica l core surface area has been extended to the smal l , 
high dens i ty , and highly enriched uranium s y s t e m s . It was found that for 
al l c r i t i ca l s y s t e m s the following re lat ionship is approximate ly sat i s f i ed 
in the range of in t eres t (0. 15 . L / D •. 2.5): 

Shape factor - (Ag/A,-) + 0.1 

where Ag and A^ are spher i ca l and cy l indr ica l core surface a r e a s , 
r e s p e c t i v e l y 

2. ZPR-VI and ZPR-IX 

a. Building - The s e a r c h for, and seal ing of, c racks around pene
trat ions in Cell No. 4 to m i n i m i z e air leakage rates is continuing. 

b Cell No. 5, ZPR-VI - Equipment - Approx imate ly 50% of the 
work for Cell No. 5 (ZPR-VI) is now comple te . The matr ix tubes have 
been a s s e m b l e d on both halves of the faci l i ty and are being numbered to 
identify their locat ion. The dual purpose c o n t r o l / s a f e t y rod dr ive m e c h a -
nisn^s have been mounted. 

The wiring of the bed and table a s s e m b l y and the dual purpose 
rod dr ive m e c h a n i s m s is in p r o g r e s s . Instal lat ion of instrument coaxia l 
c a b l e s through the shielding wall is continuing. The c lo sed c ircui t TV 
s y s t e m between Cell No. 5 and the control room has been insta l led and 
is being checked out. 

•W. B. Loewens te in and G. W, Main, "Fast Reactor Shape Fac tors and 
Shape-Dependent V a r i a b l e s , " A N L - 6 4 0 i (November , 1961). 



3. JUGGERNAUT 

During the month of A p r i l , the r e a c t o r was o p e r a t e d a t the d e s i g n 
r,ower level of 250 kw in o r d e r to check sh i e ld ing and t h e r m a l b e h a v i o r , 
power level OI ,. „, ,„;,= d e t e r m i n e d by t e m p e r a t u r e d i f f e r e n c e s and 
The r e a c t o r power l eve l was a e t e r m i n e u uy cc f 
in flow m e a s u r e m e n t s a t the hea t e x c h a n g e r . 

Shutdown heat ing in the fuel p l a t e s w a s m e a s u r e d w i t h no w a t e r î n 
the core and r e s t r i c t e d he l ium c i r c u l a t i o n (dump va lve c l o s e d ) to s i rnu a t e 
a loss of coolant acc iden t . F o r a d e c a y hea t r a t e c o r r e s p o n d i n g to ope r 
ation at 250 kw for 24 hr , the m a x i m u m fuel p l a t e t e m p e r a t u r e r e a c h e d 
was 100°C. Shim and con t ro l rod t e m p e r a t u r e s w e r e r n e a s u r e d d u r i n g 
operat ion at full power . The va lue s ob ta ined w e r e 160"C and 105 C r e 
spectively. The r e s u l t s of t he se e x p e r i m e n t s show (as p r e d i c t e d m the 
r e a c t o r h a z a r d s ana lys i s ) that t h e r e a r e no shutdown hea t ing p r o b l e m s m 
the fuel or in the cont ro l e l e m e n t s dur ing s t e a d y - s t a t e o p e r a t i o n . 

The r e a c t o r shielding was found to be g e n e r a l l y a d e q u a t e , a l t hough 
spots exist where the r ad i a t i on l e akage is above b i o l o g i c a l t o l e r a n c e . 
Two of these spots a r e in l imi ted a c c e s s a r e a s , the r e a c t o r top and p u m p 
room, which will not n o r m a l l y be occupied du r ing r e a c t o r o p e r a t i o n so 
that addit ional shielding m a y not be w a r r a n t e d . 

The c r i t i c a l e x p e r i m e n t s on the JUGGERNAUT r e a c t o r have b e e n 
completed. E x p e r i m e n t a l co r e phys i c s da ta w e r e in good a g r e e m e n t wi th 
calculated values in a l l c a s e s . Al l safe ty c r i t e r i a involving p h y s i c s 
p a r a m e t e r s have been sa t i s f ied . A r e p o r t out l ining the s t a r t u p p r o c e d u r e 
and tes t s r e m a i n s to be wr i t t en . 

B. E B R - I 

1. Mark III Opera t ion 

Operat ion of the r e a c t o r cont inued dur ing the m o n t h for the p u r p o s e 
of t ra ining pe r sonne l and the inc iden ta l i r r a d i a t i o n of m a t e r i a l s . S a m p l e s 
were i r r ad i a t ed for Ph i l l ips P e t r o l e u m C o m p a n y ' s A t o m i c E n e r g y Div i s ion . 
These i r r ad i a t ions a r e being p e r f o r m e d in a p r o g r a m of deve lop ing t h r e s 
hold de tec tors for use in m e a s u r i n g fas t n e u t r o n flux in r e a c t o r t e s t f a c i l i 
t ies and a lso in the study of n - p r e a c t i o n s in r a r e e a r t h n u c l i d e s . 

Low power ope ra t ion of E B R - I was a l s o p r o v i d e d for the c a l i b r a t i o n 
of a solid s ta te s p e c t r o m e t e r for an ANL p r o g r a m . 

Approval has finally been r e c e i v e d to p r o c e e d with the m o d i f i c a t i o n 
to the venti lat ing s y s t e m in the E B R - I hot ce l l . This is to be a c c o m p l i s h e d 
p r i o r to the unloading of the M a r k III c o r e and the s u b s e q u e n t r e l o a d i n g of 
the Mark IV fuel. P l a n s and spec i f i ca t ions have been sen t out to p r o s p e c 
tive b idde r s and cons t ruc t ion is s chedu led for c o m p l e t i o n by J u l y 1, 1962. 
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2. Fabrication of Core IV Fuel 

Eighty jacket asseniblies a re available for final preloading in
spections. These 80 are sufficient for completion of the last 62 of the 
420 fuel rods required. Hardware for an additional iZ assemblies is 
available if needed. 

After final processing and eddy current inspection, 2 1 feet of 
0.080 in. O.D. Zircaloy-2 instrument tubing (fabricated by the Laboratory) 
was made available for the assembly operation. Fourteen thermocouple 
well assembl ies were brazed, found leak free (helium mass spectrometer 
equipment), and delivered for final preloading inspection. A thermocouple 
well assembly consists of an 0.080 in. O.D. Zircaloy tube sealed at one 
end and brazed into a Zircaloy sleeve. Of the 14 assemblies brazed, 
3 samples will be used for NaK fill tests and for metallographic evalua
tion of the braze . 

The instrument tubing could not be tested on the electromagnetic 
test equipment customarily used for the inspection of thin wall tubing 
of larger diameter , so special test equipment had to be constructed for 
this purpose. After the tubing had been tested by this equipment and 
carefully radiographed, the 11 best tubes were set aside. Metallographic 
examinations were undertaken at locations in the remaining tubes which 
appeared to contain defects worse than any of those which appeared in the 
selected tubes. The metallography revealed small cracks starting from 
the I D . and voids in the wall. It was also discovered that the wall thick
ness of the tubing was generally in the range of 0.01 1 in. to 0.013 in. 
Based on metallographic evidence it was concluded that it was highly 
unlikely that localized reductions in wall thickness of greater than 0.003 in., 
either from cracks or voids, existed in the 11 best tubes. 

C. EBR-11 

I. Reactor Plant 

The second pr imary tank dry heat test was completed and the tank 
res tored to room temperature by April 9. Since that date, final installa
tion work inside the tank and preparat ions for filling with sodium have been 
underway. 

The purpose of testing the pr imary lank at elevated temperature was 
described in ANL-6509 (Progress Report, January, 1962) as follows: 

"The heated air test has three objectives: (l) lo determine temper
ature distributions throughout the pr imary lank for the temperature at which 
• odium will be introduced into the tank; (2) to verify caUulated tempera ture 



20 

, , -^cvsr tank cove r and r e s u l t i n g de f l ec t ions and r o t a t i o n s 
drops through the ^^^^^Jjl'^^^^Zcl „ p , , , t i o n of L fuel hand l ing s y s t e m 
at elevated ' ^ - P ^ ^ ' - ^^^'^ '^,Z^^ f, ^ i U not be p o s s i b l e to a t t a i n n o r m a l 
at an elevated t - - P ^ ^ ^ 7 7 ; j , ^ ' ; ^ ^ ° j ^ f i ^ . r y t ank wi thout s o d i u m , it i s e x -
T c L ^ r f r p r s I i X t o r a c ^ r t e m p L a t u r e ^ o f 300^-350^F d u r i n g t h i s 

t e s t . " 

All of the above ob jec t ives w e r e a p p r o p r i a t e l y m e t . In add i t i on , the 

effectivet!ess of the p r i m a r y tank c o v e r b e a m h e a t e r s was e s t a b l i s h e d . Some 

detai ls of the t e s t a r e d e s c r i b e d be low. 

During the heat ing pe r iod , the r a t e of t e m p e r a t u r e i n c r e a s e in the 
tank was main ta ined g e n e r a l l y a t or n e a r the m a x i m u m r a t e c o n s i s t e n t wi th 
p r e s c r i b e d l imit ing t e m p e r a t u r e d i f f e r en t i a l s and de f l ec t ion ( m o v e m e n t ) 
different ials of the tank s t r u c t u r e . The r a t e of t e m p e r a t u r e r i s e w a s c o n 
t ro l led by varying the to ta l power input to the s i x e l e c t r i c a l i m m e r s i o n 
h e a t e r s . The d i s t r ibu t ion of heat input was c o n t r o l l e d by the v a r y i n g 
power input to the individual i m m e r s i o n h e a t e r s . Use of t h r e e t e m p o r a r y 
fans to c i r cu la te the a i r within the p r i m a r y tank he lped to m i n i m i z e u n 
des i rab le t e m p e r a t u r e d i f f e ren t i a l s . To follow the hea t ing c o n d i t i o n s , 
160 the rmocoup les were r e a d hour ly , and s t r u c t u r a l m o v e m e n t s w e r e 
m e a s u r e d at l eas t once each eight hour p e r i o d . T h e s e r e a d i n g s w e r e 
supplemented by addi t ional data a s d ic t a t ed by the ex i s t i ng t e s t c o n d i t i o n s . 

The achievable heat ing r a t e u s u a l l y was l i m i t e d by t e m p e r a t u r e 
different ials within the bo t tom p la t e of the t ank c o v e r , the m a x i m u m p e r 
m i s s i b l e different ia l being taken a s 100°F. The s e c t o r of the t ank c o v e r 
containing the hea t exchanger ( r e l a t i v e l y r e m o t e f r o m the i m m e r s i o n h e a t e r s ) 
exhibited the lowest bot tom p la te t e m p e r a t u r e s . T e m p e r a t u r e v a r i a t i o n s 
in the m e t a l in o ther a r e a s of the t ank w e r e of s m a l l e r m a g n i t u d e . The 
topof the tank was ho t te r than the bo t tom, un t i l the sh ie ld cool ing s y s t e m 
was opera ted . With this cool ing, the bo t t om of the t ank i n c r e a s e d in t e m 
p e r a t u r e m o r e rap id ly than the top and even tua l ly l e v e l l e d out a t ab o u t 
th i r ty degrees above the top t e m p e r a t u r e . 

The t e m p e r a t u r e d i f fe ren t i a l of g r e a t e s t i n t e r e s t du r ing the t e s t was 
that (ver t ica l ly) a c r o s s the p r i m a r y tank c o v e r . With the t ank a t e l e v a t e d 
t e m p e r a t u r e , as during n o r m a l ope ra t i on , a s ign i f i can t hea t l o s s o c c u r s 
through the tank cover and i ts a s s o c i a t e d n o z z l e s to the b i o l o g i c a l s h i e l d 
cooling s y s t e m a i r . This hea t l o s s is a c c o m p a n i e d by p r o d u c t i o n of a t e m 
p e r a t u r e different ia l a c r o s s the cover s t r u c t u r e of such s ign a s to t end to 
produce downward bowing of the c o v e r . Such bowing, in t u r n , t e n d s to t i l t 
the cover nozz les so that the lower ends of m e c h a n i s m s ex tend ing t h r o u g h 
them into the p r i m a r y tank tend to move s l igh t ly r a d i a l l y o u t w a r d . A 
la rge number of m e a s u r e m e n t s of th is t e m p e r a t u r e d i f f e r e n t i a l and the 
cor responding s t r u c t u r a l de f lec t ions (til t) w e r e ob ta ined . A p p r o x i m a t e 
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ranges of from 8 0 ' to 325*F for the tank cover bottom plate a v e r a g e t e m 
perature and from 0° to 80°F in the tank cover average temperature dif
ferent ia l w e r e included in these m e a s u r e m e n t s . The m e a s u r e m e n t s 
indicated the radial rotat ions , or tilt, of n o z z l e s located at var ious radii 
in the cover to be genera l ly l e s s than predicted for the m e a s u r e d t e m 
perature d i f ferent ia l s . The t emperature di f ferent ials were found to be 
a s predicted within the a c c u r a c y of determinat ion, s ince as expected, a 
true s teady state condition with an ideal t emperature distribution could 
not be rea l i zed . The s ix pr imary tank hanger ro l ler a s s e m b l i e s , d e 
s igned to a c c o m m o d a t e thermal expansion of the tank and to maintain 
the center l ine of the tank fixed in posit ion, were determined to function 
properly . 

The e f f e c t i v e n e s s of the e l e c t r i c a l heaters located on the top f langes 
of the radial beams and the s ides of the hex webs of the pr imary tank cover 
was a l s o de termined . Quantitative data were obtained with the heaters 
e n e r g i z e d at two different power l e v e l s . The re su l t s showed that s ign i f i 
cant control over the ef fect ive differential t emperature of the tank cover 
and the resultant bowing of the cover wil l be avai lable at operating t e m 
perature if needed. 

The fuel transfer m e c h a n i s m s were operated during the dry heat 
tes t . Three comple te fuel transfer c y c l e s between the reactor and the 
s torage basket w e r e performed with sa t i s fac tory r e s u l t s . During this 
t ime the a v e r a g e t emperature of the pr imary tank cover bottom plate 
approached 290''F, with an a v e r a g e t emperature differential in the cover 
of between 40" and 55''F. The lock m e c h a n i s m s and the lift m e c h a n i s m 
were operated during this test ing. Operations inside the pr imary tank 
were o b s e r v e d with m i r r o r s and a t e l ev i s ion c a m e r a . No al ignment 
prob lems w e r e encountered during fuel transfer . Only one s torage l o c a 
tion of the s torage basket was te s ted because additional work was being 
done on the basket . However , the one location would show any m i s a l i g n 
ment between the s torage basket and the transfer a r m due to movement 
result ing from the t emperature differential in the pr imary tank cover . 

Fi l l ing of the sea l troughs of the two pr imary tank rotating plugs 
was a l s o a c c o m p l i s h e d during the dry heat test . The seal ing al loy, which 
m e l t s at 281°F, provides the seal between the inert argon gas in the pr imary 
Unk and the reac tor building room air . The s ea l heating s y s t e m s which 
are used to liquify the sea l ing a l loy to permit rotation of the pr imary tank 
rotating plugs w e r e checked s e v e r a l t i m e s during the heat tes t . P e r f o r 
m a n c e was sa t i s fac tory . 

Upon conc lus ion of the dry heal tes t , instal lat ion work ins ide the 
p r i m a r y tank and the reactor plant was r e s u m e d . Instal lat ion of thermal 
baff les in the reactor v e s s e l upper plenum has been comple ted . Work is 
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• . . installation of the holddown guide segments for simulating 
progressing on ^ " ^ ' ^ " ^ ' ' ° ' ' ° ^^^ , ^^^ periphery of the outer blanket; 
subassembly - P P " / f f " / / ^ r i r a c c u r T c y of positioning the holddown 
these have ^ ^ ^ f ^ - . ^ r s r a s s l m b l i e s . The gripper and holddown 
during transfer of P ^ " P ^ ^ [ ; \ ^̂ ^ ^^^,,_ , , d the main spring assembly 
w - m : d : a e 7 t r r V d r o ; i r \ u n g forces; the ^eauction m f c n ^^^^ 

greater sensitivity — ^ ^ l ^ - ^ n r n t i r ; T^e f e ^ r r vesVelc^ovL, 
of primary system components has continuea. i n , tested 
EM flowmeters, and the EM auxiliary pump were successfully leak tested. 
Tnstanation of thermal shields for the wall of the pr imary tank m the 
v^ in fof the heat exchanger is nearing completion. Nuclear - s t r u m e n t s 
are being installed within the instrument thimbles. All P^P-S f ° - '"^^ 
temporary cold trap system exterior to the pr imary tank has been com 
pleted and installation of the pipe heaters started. 

The test of the fuel unloading machine carr iage with its full load 
was successfully completed. The subassembly gripper of the machine is 
now being tested in sodium. This gripper lifts the subassembly from the 
storage basket in the primary tank up into the coffin on the ca r r iage . 
(Movement of the carriage over the interbuilding coffin then provides for 
transfer of the subassembly out of the reactor building.) 

The final report* of the Franklin Institute covering hydraulic 
studies on the six-tenths scale reactor was completed. This repor t covers 
the period July, 1958 through December, I960. 

An automatic control system for possible future use on the 
EBR-II is being studied. The representation of the reactor kinetics equa
tions with feedback for use on an analog computer has been completed. 
The feedback model used in this representation assumes there is an 
automatic flow control in the pr imary sodium system and it will maintain 
the desired operating conditions. The results of the analog computer 
program have been compared with the results obtained from the IBM-704 
program. The agreement of results is usually within a few percent. 

2. Power Plant 

Some progress was made in checking equipment, making minor 
repairs or modifications, and installing additional devices. Activity in the 
Power Plant tapered off as manpower was shifted to the Reactor Building. 

*D. T. Rymsa and G. P. Wachtell, "Flow Model Study of the EBR-II," 
F-A2201, The Franklin Institute, Philadelphia, Pennsylvania. 
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The h i g h - l e v e l a l a r m s on the Nos 1, 3, and 4 heaters w e r e te s ted 
and e l e c t r i c a l l y reconnected as n e c e s s a r y The piping to these a l a r m s 
is being modif ied to permit quick operational t e s t s to be made No. I is 
comple ted , Nos 3 and 4 await de l ivery of pipe fittings 

Wiring e r r o r s in the startup boi ler feed pump loading s y s t e m w e r e 
c o r r e c t e d . The s y s t e m now opera te s sa t i s fac tor i ly A writeup was p r e 
pared descr ib ing the operat ion of this s y s t e m 

Attempts w e r e made to repair a leak in the overflow weir of the 
No 2 feedwater heater tank This repair will be tes ted in the future. 

A p r e s s u r e - r e g u l a t i n g valve was instal led in the condensate s y s 
tem and a new control valve was insta l led at the condensate inlet to No. 2 
feedwater heater 

A water l eve l gage and a tank drain w e r e instal led in the aluminum 
condensate s torage tank. The inside of this tank is being prepared for 
painting with a vinyl base paint to reduce aluminum c o r r o s i o n 

3. Sodium Boi ler Plant 

Hel ium leak test ing of the secondary sodium piping has been c o m 
pleted a s far a s pos s ib l e at this t ime Three suspect welds have been r e 
paired. The piping between the sodium tank car s torage area and the 
Sodium Boi ler Plant and the Reactor Building has been traced with e l e c t r i c 
r e s i s t a n c e h e a t e r s , insulated, and made ready for use . The oil heater has 
been connected to the f irs t rai lroad tank car to be unloaded and leve l 
probes insta l led To test out the instal lat ion, the oil heater was turned 
on and the tank brought up to 250°F without difficulty The superheater 
startup line has been fabricated and insta l led 

Insulation, m i s c e l l a n e o u s work and continuance work on Package IV 
continued. Work on sandblast ing, painting and coating, along with the in
s ta l lat ion of inductive heating wire and ferr i t ic s tee l cladding of s t a i n l e s s s 
s tee l sodium piping p r o g r e s s e d 

S i x t y - c y c l e induction heating windings were instal led on the sodium 
header from s u p e r h e a t e r s to the e v a p o r a t o r s . These have been tes ted at 
350°F to balance the c o i l s . 

4. Fuel Cycle Fac i l i ty 

A substant ia l effort is continuing on c o r r e c t i v e work and on work 
which had not been completed by the original construct ion contractor for 
the EBR-II Fuel Cycle Faci l i ty Since January 13. the date when work 
began under the Package IV contract , over 6000 manhours have been e x 
pended on this phase of the project . 
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Open a r e a s , up to 42 inches d e e p , u n d e r the c o n c r e t e f loor in the 
A- r . l l of the Fue l Cycle F a c i l i t y w e r e found. Since t h e s e a r e a s p r e -
t i n t e d OSS b L s e r i o J s c o n s e q u e n c e s , th is ^^^ficency h a s b e e n c o r r e c t e d . 
Thfs was accompl i shed by fiUmg the open s p a c e s wi th s a n d and adding 
grout Three hundred bags of c e m e n t w e r e u s e d m the p r e p a r a t i o n of the 
grout. 

Other c o r r e c t i v e w o r k in p r o g r e s s i nc ludes c l e a n i n g and l u b r i c a t i n g 
the Argon Cell c r a n e s ; r e g r i n d i n g and lapping of g a s k e t s u r f a c e s on the 
la rge vacuum lock f l anges ; g a s k e t s u r f a c e r e p a i r and r e w e l d m g to s e a l 
leaks in the s m a l l vacuum lock c l o s u r e s ; and r e p a i r of l e a k i n g sh i e ld ing 
window tank un i t s . 

One of the t h r e e i n - c e l l c r a n e s is now in s e r v i c e : it i s be ing u s e d 
for the ins ta l la t ion of s e r v i c e s l eeve p lugs . It i s a n t i c i p a t e d tha t a s e c o n d 
in -ce l l c rane and the f i r s t two (of eight) e l e c t r o m e c h a n i c a l m a n i p u l a t o r s 
will be in s e r v i c e within the next two w e e k s . A p p r o x i m a t e l y 20 p e r c e n t 
of the wir ing and piping a s s o c i a t e d wi th the P a c k a g e IV e q u i p m e n t h a s b e e n 
ins ta l led. Work is now p roceed ing c o n c u r r e n t l y on the c o m p l e t i o n of the 
facil i ty, the ins ta l la t ion of a u x i l i a r y equ ipmen t , and the i n s t a l l a t i o n of s e r 
v ices for the Package IV p r o c e s s equ ipmen t . 

About one-half of the o i l - f i l l ed tank un i t s of the sh i e ld ing w indows 
have been ins ta l led . The r e m o t e l y r e m o v a b l e g l a s s s e c t i o n s of the windows 
have not yet been ins ta l l ed , s ince it is d e s i r a b l e for t r a i n i n g p u r p o s e s to 
have these sec t ions ins ta l l ed by r e m o t e m e a n s . 

Const ruct ion of con t ro l c ab ine t s for the fuel r e f a b r i c a t i o n e q u i p m e n t 
is near ly comple te , and in s t a l l a t i on is we l l u n d e r w a y . The f u r n a c e in which 
p r o c e s s m a t e r i a l s wil l be d e g a s s e d h a s been i n s t a l l e d and is be ing m a d e 
leak- t ight . The m a n u f a c t u r e r h a s s u c c e e d e d in r e d u c i n g the gas l e a k a g e 
around the m a s t e r - s l a v e m a n i p u l a t o r s e a l s f r o m 70 cubic i n c h e s p e r day 
to about 15 cubic inches p e r day. This l eakage should be s a t i s f a c t o r y for 
the proposed appl ica t ion . 

Work was s t a r t e d on the p r e s s u r e - v a c u u m s y s t e m for i n j ec t ion 
cast ing and on the ins t a l l a t ion of the Argon Cell s e r v i c e " f e e d - t h r o u g h ' s . " 

Work continued on high f requency power d i s t r i b u t i o n , c o m p r e s s o r 
d i scha rge h e a d e r , fu rnace off-gas s y s t e m , l a r g e t r a n s f e r lock, t r a n s f e r 
cel l equipment , and valve c a b i n e t s . 

The prototype fuel s u b a s s e m b l y d i s m a n t l e r , be ing d e v e l o p e d to 
remove the fuel and b lanke t e l e m e n t s f rom a s u b a s s e m b l y , h a s b e e n t e s t e d 
in mos t of i ts ope ra t i ons wi th the excep t ion of the dev ice for r e m o v i n g the 
fuel e l emen t s f rom the suppor t g r id . All of the b a s i c cut t ing and hand l ing 
opera t ions w e r e success fu l ly p e r f o r m e d on a d u m m y s u b a s s e m b l y and on 
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a prototype s u b a s s e m b l y containing natural uranium. The t e s t s indicate 
that so ine components need to be re located and modified to improve viewing 
and to improve the e a s e of operating them with the Mod. 8 manipulators 
D e s i g n work is in p r o g r e s s to c o r r e c t these de f i c i enc i e s . 

Continuous air cooling of the fuel bundle is needed to d iss ipate ap
prox imate ly 1 kw of decay heat during the dismantl ing operat ion Initially, 
the cool ing is by axial air flow, s i m i l a r to when it is in the transfer coffin. 
After the outer hexagonal sheath is removed, it must be cooled la tera l ly . 
A tes t with air flow perpendicular to the fuel e l e m e n t s , with heat input v a r y 
ing from 1 to 5 kw and air flow from ZZ to 132 cu f t /min , is now in p r o g r e s s . 
P r e l i m i n a r y re su l t s indicate that 3 kw of heat can be d i ss ipated with an air 
flow of 75 cfm with the e l ement temperature not exceeding 430°F. The 
equipment n e c e s s a r y to provide and distribute this flow can e a s i l y be pro 
vided within the space l imitat ions of the d i smant ler and the ce l l . Work is 
continuing to improve the uniformity of cooling of e l e m e n t s in var ious 
parts of the hexagonal array. 

5 Training 

The Operational Training P r o g r a m for technic ians , which was r e 
c e s s e d for the Dry Heat Tes t , has not been re sumed because of priority 
work in the Reactor Building. 

During the month of April , three groups of superv i sory t ra inees 
and Power Plant operator t r a i n e e s , compris ing a total of 18 individuals , 
attended training s e s s i o n s at the Delray Plant of the Detroit Edison Com
pany and at Argonne, I l l inois . Each group spent one week at Detroit , 
fol lowed by one week at Argonne 

6. Fuel Development 

a. Fas t Reactor Fuel Jacket Development - During the month, 
partial d e l i v e r i e s of the following refractory metal tubings were rece ived 
from connmercia l supp l i er s 

Material D imens ions 

Mo 0.156 I D . X 0.003 in. wall 
Mo-0 .5 w / o Tl 0.156 I D x 0 009 in wall 
Nb-1 w / o Zr 0.257 I D x 0 012 in wall 

Evaluation s tud ies are scheduled prior to r e l e a s e of the mater ia l for fuel 
jacket ing appl icat ions . 

The procurement of re fractory a l l oys in var ious forms is con
tinuing. Some diff icult ies have deve loped in procurement ol these spec ia l 
a l l oys Some suppl i er s appear to be reluctant to r e l e a s e newly-deve loped 
al loy m a t e r i a l s for evaluation and tes t p u r p o s e s . 



7. Process Development 

a. Melt Refining P roces s Technology - Prel iminary information 
has been obtained on the volatilization of various condensable fission p ro 
ducts during the melt refining of i r radiated EBR-II-type fuel. Two r e 
cently completed experiments , each using about seven grams of fuel alloy, 
show that, at melt refining tempera tures as high as 1400°C, negligible 
volatilization of fission product barium, strontium, zirconium, and ruthe
nium occurred. The principal activities that condensed on a collector above 
the melt refining crucible were cesium and iodine. 

b. Skull Reclamation Process - A demonstration of the skull r e 
covery process on a 150-gram uranium scale is underway in an argon 
atmosphere glovebox. The demonstration run has proceeded success
fully through the noble metal leaching step and the uranium reduction 
step. Both steps were carr ied out in a baffled tungsten crucible. The 
intermetallic compound precipitation step was successfully carr ied out 
in a beryllia crucible. Equipment is being designed for further scale-up 
to a 2.5-kg-uranium batch size. 

Beryllia crucibles, which show promise for precipitation and 
retorting vessels, will probably require a secondary metal crucible to 
facilitate remote handling of the mechanically fragile ceramic crucible. 
Two tests have been carr ied out with a crucible assembly consisting of 
an isostatically pressed beryllia crucible in a stainless steel secondary 
crucible, with beryllia powder tamped in the annulus between the two cru
cibles to retard liquid metal leakage through cracks that may develop in 
the beryllia crucible. No visible deterioration of the crucible assembly 
was evident after these tests in which uranium was precipitated from 
zinc solution and retorted to dryness. Nearly all of the uranium was 
easily recoverable from the crucibles after retort ing. 

An alternative to the melt refining process is being investigated 
or possible use in the recovery of uranium from stainless steel clad fuel 

pms The process, which is a modification of the skull reclamation process, 
Tati ^^ "^^"^ ^°^ ^^^ recovery of uranium from pins which could not be 
Th^^t'^'"'^^^^ declad by mechanical means should such a contingency a r i se . 

e ates of the constituents of stainless steel have been investigated in 
remoTed"^ experiments. It was found that iron and nickel were readily 
ess. ^HowTve ''°^^^ "^^^^^ extraction step of the skull reclamation proc-
flux phase^^^^' ^ ^"'^^'antial amount of chromium was extracted into the 
be necessar "^^ T'""- ' ' ' ' '" ' ' ' ' '"• " appears that multistage contacting would 

y o obtain a suitable separation of chromium from uranium. 

process^is j^~^^^£i££Slf iSg_Studies - An important step in the blanket 
magnesium supe ' r ^aw"" f . * ' Plutonium-bearing zinc-50 weight percent 
cipitated by mlHZ ^ 1 ° " ^^""^ *^^ uranium which has been p r e -

by magnesium addition and cooling to 400°C. A phase separation 



of 95 percent would e l iminate the neces s i ty of a wash of the prec ipi tate . 
Nine such phase separat ions by means of p r e s s u r e siphoning with 5 0 0 - g r a m 
batches of uraniuni (-^th of full s ca l e ) gave 95 to 97 percent s eparat ions , 
with little entrainment uf sol id uranium 
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Direct d i sso lut ion ol s t a i n l e s s s tee l clad blanket e l e m e n t s 
would be des i rab le in the blanket p r o c e s s if the s t a i n l e s s s tee l const i tuents 
did not substantial ly affect plutonium recovery and purity. Results of a 
demonstrat ion run indicate that s ta in l e s s s teel and f i s s ion e l e m e n t s , which 
w e r e added in the appropriate amounts , would have no effect on plutonium 
behavior. A plutonium recovery of 96 percent was obtained by separat ion 
of the supernatant phase from the precipitated uranium, and a total r e c o v 
ery of "'' percent was obtained with the use of a s ingle magnes ium wash. 
In another run in which plutonium was not present , it was determined that 
chromium and iron would be precipitated with the uranium and thus be 
separated from the plutonium, but that nickel would quantitatively follow 
the plutonium. 

d. Plutonium Recovery P r o c e s s - Work on the removal of rare 
earth f i s s ion products from uranium-plutoniuin fuels by s e l e c t i v e extract ion 
into a molten halide flux is being continued. Further resul ts w e r e obtained 

on the distribution coeff ic ients of ura
nium, plutonium and rare earths between 
m a g n e s i u m - z i n c solution and molten m a g 
nes ium chloride ( see Figure 4). The data 
shown for cer ium and praseodymium are 
from runs made at two different concentra
tions ( tracer and macro l eve l s ) of each 
rare earth and do not show any variat ion 
of the distribution coeff icient with rare 

«|y 06 f-^r >-' earth concentration. The distribution 
"1° 0* h y^ coefficient of uranium, unlike those of the 

rare ear ths , appears to vary with con
centration. This effect and the p o s 
sibil ity of a s i m i l a r effect in the case 
of plutonium are being invest igated. 

e. Mater ia ls Evaluation - Studies 
to determine more prec i s e ly the ef fects 
of flux and z i n c - m a g n e s i u m solutions on 
beryl l ia are beginning. In pre l iminary 
t e s t s it was noted that the outside s u r 
face of a fragment of a previous ly used 
beryl l ia crucible was welted by a typical 
p r o c e s s i n g flux (magnesiuni ch lor ide -
lithium c h l o r i d e - m a g n e s i u m fluoride 
with a smal l amount of zinc chloride 
added), while the inside surface of the 

cruc ib le was not wetted. Two poss ib le reasons for this difference are 

HMNCSuH aMceirra*TDNi>««;mi 

Figure 4, DitiribiKion o( Selected Elemenu 
between Zinc-Magncilum Allpyi 
jnd Magnetium ChUiride 
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(1) grinding of the outside crucible wall during fabrication (which removes 
the protective coating produced by firing) and (2) density variation in the 
crucible (the inside of the wall being more dense). 

More extensive tes ts at 800°C in a tungsten crucible have con
firmed the good stability of uranium-zinc-magnesium solutions in the con
centration ranges of interest for fuel processing. 

D. FARET 

The general engineering and physics pa ramete r s for an experimental 
facility to test the charac ter is t ics of advanced fast reac tors have been ex
amined and are described in a repor t entitled, "Pre l iminary Proposal for 
Fast Reactor Test Facility (FARET)," dated April 16, 1962. The report 
describes in some detail the proposed experimental program in high tem
perature performance, physics, and dynamics. The cost of the facility is 
estimated to be $11,033,000. It is currently proposed to construct FARET 
at the National Reactor Testing Station (NRTS) on the site previously pro
posed for the ARBOR facility. Existing facilities at EBR-II, approximately 
3000 ft northwest of FARET, would be extended and utilized. 

1. Core Des: gn 

The holddown forces required to keep the fuel assemblies in place 
in the core are primarily dependent upon the weight of the assembly. Since 
upflow of coolant is used, the coolant tends to lift the assembly; the higher 
the flow rate the greater the lift. 

Holddown forces have been determined for the tentative FARET fuel 
assemblies. For a single inlet plenum, these forces are adequate up to the 
maximum flow rates required for a 50-Mw-50-li ter core. The holddown 
forces, however, are not adequate for use with higher power density sub
assemblies requiring higher flow ra tes . The use of a double inlet plenum 
shown in Figure 5, i l lustrates a proposed design for retaining high holddown 
orces on high power density fuel assemblies by providing a secondary in-

p enum operating at lower p ressure . The secondary inlet plenum is 
^e^igned to provide for the large range of flow ra tes required for the 
doubl '^°''^ components, such as control and reflector assembl ies . The 
as^de^-^^ '̂̂ f^ '̂̂ '̂ ^"^ permits the p ressure in the inlet plenum to be as large 
upwrrd^h'^ (within the pump capacity) without causing upward thrust; the 
low pre ^^^^.°^ *^^ ^^S^ power density assemblies resul ts only from the 
assembr"h'^ri"^ ^^^ secondary plenum. By indexing the inlet ports in the 
binationJof°fl '̂ ^ ^ ' ' ^ appropriate ports in the inlet plenum, many com-

ow distribution schemes are possible as shown in Table VI. 
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Figure 5. IXmblc Lilct P.cmim Poiiibic Flow Scheme 

Tab le VI. Sodium E n t r a n c e S c h e m e s 

N u m b e r of Core A s s e m b l i e s 
Connected to P l e n u m Source 

Type of T e s t 

Uni formly Loaded C o r e 
of 50 l i t e r s . 52 Sub
a s s e m b l i e s 

High P e r f o r m a n c e T e s t 
Sect ion in 5 0 - l i t e r 
Core. 52 S u b a s s e m b l i e s 

Large Uni formly Loaded 
Core 

Zoned L a r g e Core 

Inlet P l e n u m 
P r e s s u r e 140 ps i 

52 

1-7 

Secondary P l e n u m 
P r e s s u r e x 45 ps i 

51-45 

All A s s e m b l i e s 

Inner A s s e m b l i e s Oute r A s s e m b l i e s 

In connec t ion with the i n t e r e s t in hea ted /.oned c r i t i c a l a s s e m b l i e s , 
p a r t i c u l a r l y the m e a s u r e m e n t of phenomena leading to the d e t e r m i n a t i o n 
of the Doppler coeff ic ient , an inves t iga t ion is being cont inued on the p o s 
s ib i l i ty of us ing e l e c t r i c a l l y hea ted fuel a s s e m b l i e s . Ca lcu la t ions have 
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indicated that an electr ical ly heated wire embedded in UO2 powder will give 
the required fuel t empera tures of the order of 1800°F (1000°C) while the 
cladding temperature can be held to approximately 250°F (120°C) in a sodium 
or sodium-potassium bath. Since the UOj would be in powder form, it is 
anticipated that gross fuel expansion will be minimized and possibly e l im
inated in the powdered UO^. With the cladding, structural , and coolant 
maintained at constant t empera ture , the effect of changes in fuel t emper 
ature can be determined. Another important aspect of the electrically 
heated fuel is that the fuel tempera ture may be determined from the 
changes in electrical resist ivi ty of the platinum wire with temperature . 

The feasibility of this method will be determined by testing a one-
half inch electrically heated fuel element in the laboratory. 



III. GENERAL REACTOR TECHNOLOGY 

A, Applied Reactor P h y s i c s 

1, Neutron Scattering 
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Studies of e las t i c scatter ing of fast neutrons from iron, z inc, copper, 
and U"'* are proceeding on a continuing bas i s The copper and zinc resu l t s 
are shown in F i g u r e s 6 and 7, re spec t ive ly . In both f igures the differential 
e las t i c scat ter ing c r o s s sect ion is e x p r e s s e d as a s e r i e s of Legendre poly
n o m i a l s . The mathematica l form is given in the F igures . The exper imental 
methods ut i l ize both pulse shape and t ime-of - f l ight techniques to d i s c r i m 
inate against the ine last ic components and the background. Concurrently , 
ine last ic scat ter ing studies of a number of e l e m e n t s , notably A u ' " and 
W'** ^W'** IS a category I cros s - s e c t i o n request) , have been conducted along 
with the e las t i c scattering m e a s u r e m e n t s . 
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A p r o g r e s s r e p o r t on the r e c e n t fas t n e u t r o n s c a t t e r i n g r e s e a r c h 

has been p r e p a r e d in the f o r m of two p a p e r s for p r e s e n t a t i o n at the S u m 

m e r Meeting of the A m e r i c a n P h y s i c a l Soc ie ty . The a b s t r a c t s of t h e s e 

pape r s follow. 

a E la s t i c Neu t ron Sca t t e r i ng f r o m I ron - A p u l s e - s h a p e d i s c r i m 
ination d e t e c l ^ T T I T T i l ^ ^ I ^ ^ ^ i l ^ ^ I ^ ^ ^ ^ ^ S r E ^ ^ i i r c t i o n of e l a s t i c a l l y s c a t t e r e d 
neut rons with ene rgy g r e a t e r than 500 kev. The d e t e c t o r h a s e x c e l l e n t g a m m a -
ray re jec t ion . In addit ion to the p u l s e - s h a p e d i s c r i m i n a t i o n , the d e t e c t o r 
employs a p ropor t iona l s ignal f r o m the p h o t o - m u l t i p l i e r tube which a f fords 
good d i sc r imina t ion aga ins t i n e l a s t i c a l l y s c a t t e r e d n e u t r o n s and the l o w e r 
energy neu t ron group f rom the Li(p,n) r e a c t i o n . The d e t e c t o r h a s b e e n 
used to study the angular d i s t r i bu t i on of n e u t r o n s e l a s t i c a l l y s c a t t e r e d f r o m 
iron. Differential c r o s s sec t ion m e a s u r e m e n t s w e r e m a d e r e l a t i v e to a 
carbon s tandard at 10 angles be tween 20 and 160 d e g r e e s . M e a s u r e m e n t s 
were made with a r e s o l u t i o n of about 22 kev b e t w e e n 700 and UOO kev , 
and with a reso lu t ion of about 2.5 kev be tween 700 and 800 kev . A l e a s t 
squa res method was used to fit e ach a n g u l a r d i s t r i b u t i o n to a L e g e n d r e 
polynomial expansion. 

A c o m p a r i s o n o f the to ta l c r o s s s e c t i o n m e a s u r e m e n t wi th the in 
t eg ra l e las t i c s c a t t e r i n g m e a s u r e m e n t c l e a r l y shows the onse t of s t r o n g 
ine las t ic sca t t e r ing in the v ic in i ty of 1 Mev. 

b. The Sca t te r ing of F a s t N e u t r o n s f r o m Au'^'' - The e l a s t i c and 
inelas t ic sca t t e r ing of n e u t r o n s f rom gold was m e a s u r e d . The m e a s u r e 
ment s were made at i n t e r v a l s of about 50 kev ove r the i n c i d e n t n e u t r o n 
energy 400 < E^ < 1400 kev. Good s c a t t e r e d n e u t r o n e n e r g y r e s o l u t i o n 
and a low background was obta ined by us ing a p u l s e d b e a m t i m e - o f - f l i g h t 
technique incorpora t ing an e l e c t r o m a g n e t i c bunch ing s y s t e m . The a n g u l a r 
d is t r ibu t ions of e l a s t i ca l ly s c a t t e r e d n e u t r o n s w e r e c o r r e c t e d for m u l t i p l e 
sca t t e r ing and fitted with a s e r i e s of L e g e n d r e p o l y n o m i a l s . The r e s u l t i n g 
polynomial coefficients and to ta l e l a s t i c s c a t t e r i n g c r o s s s e c t i o n s w e r e 
c o m p a r e d with t heo re t i ca l and o the r e x p e r i m e n t a l r e s u l t s . The a n g u l a r 
d is t r ibut ion of n e u t r o n s s c a t t e r e d over to the 77 -kev and the 2 6 8 - k e v r a n g e 
toge ther with the 279-kev l eve l s w e r e a l so m e a s u r e d . The c r o s s s e c t i o n s 
for the exci ta t ion of individual r e s i d u a l n u c l e a r l e v e l s by i n e l a s t i c n e u t r o n 
sca t t e r ing were obtained. 

2. F i s s i o n C r o s s Sect ions 

A sample of P u " ' , about 90% i so top i ca l l y p u r e , h a s b e e n p r o c u r e d . 
Two sample foils have been p r e p a r e d for u s e in the gas s c i n t i l l a t i o n f i s s i o n 
counter . The heav ie r of the two s a m p l e fo i l s , con ta in ing about 200 m i c r o 
g r a m s , was used to make a p r e l i m i n a r y m e a s u r e m e n t of t he f i s s i o n c r o s s 
sect ion. By adjusting the t i m e c o n s t a n t s in a s i m p l e b a c k b i a s e d d iode 
c i r cu i t the alpha p i leups w e r e r e d u c e d to a s m a l l f r a c t i o n of the f i s s i o n 
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pulse s i a e . H o w e v e r , the f i s s ion pu l s e s p e c t r u m r e m a i n e d u n a c c e p t a b l y 
p o o r , p r e s u m a b l y b e c a u s e an a p p r e c i a b l e f r ac t ion of the P u ' " had d e p o s i t e d 
too c l o s e to the edge of the foil. T h e r e f o r e , only a r e l a t i v e m e a s u r e m e n t 
cou ld be m a d e The r e s u l t s have not yet been c o m p l e t e l y a n a l y z e d , but 
they show an a p p r e c i a b l e f i s s ion c r o s s s ec t i on th roughout the e n e r g y r ange 
from 200 to 1400 kev. 

3. Cap t ive C r o s s Sec t ion of Mo** 

M o n o e n e r g e t i c n e u t r o n c a p t u r e c r o s s s e c t i o n s have been m e a s u r e d 
for the m a s s 98 i so tope of the s t r u c t u r a l m a t e r i a l , m o l y b d e n u m . The c r o s s 
s e c t i o n s of M o " a r e p lo t ted aga ins t n e u t r o n e n e r g i e s in F i g u r e 8. The r i s e 

in the c u r v e n e a r 0.6 Mev is be l i eved to 
r e s u l t f rom i n t e r a c t i o n s with n e u t r o n s of 
angu la r m o m e n t u m , i , g r e a t e r than z e r o 
with r e s p e c t to the t a r g e t n u c l e u s (p rob
ably t = Z, d -wave ) . In the a b s e n c e of 

^ 1 X ^ I such e f f ec t s , the c u r v e would be expec t ed 
I J5- ^ \ ^ - to d r o p with the s lope of the s t r a i g h t line 
* m- \ ° -\ shown in F i g u r e 8, i . e . , with 3 p r o p o r 

t ional to l / E . 

OS 04 0SO* oe t 4. High C o n v e r s i o n C r i t i c a l E x p e r i m e n t 

Figure 8. Cro* Section of Mo 98 M e a s u r e m e n t s w e r e m a d e of t e m 
p e r a t u r e coeff ic ient , flux d i s t r i b u t i o n , 

and c o n t r o l rod w o r t h s in the t h r e e - z o n e c o r e of 3250 e l e m e n t s d e s c r i b e d 
m ANL-b544 (Monthly P r o g r e s s R e p o r t for M a r c h , 1962) The t e m p e r a t u r e 
coeff ic ient was - 8 x 10* p / c in the r ange of 21° to 43°C Although qui te 
l a r g e , t h i s i s only about half as l a r g e as expec t ed . It is p lanned to m e a s u r e 
void coef f i c ien t s to d e t e r m i n e w h e t h e r the d i s c r e p a n c y is in m o d e r a t o r 
w o r t h o r in UOj t e m p e r a t u r e coeff ic ient e s t i m a t e . 

F lux m e a s u r e m e n t s inc luded t h r e e - d i m e n s i o n a l t r a v e r s e s u s ing the 
fol lowing foil m a t e r i a l s : d y s p r o s i u m , gold, Lu"* , L u ' " , and ind ium. Both 
b a r e and c a d m i u m - c o v e r e d foils w e r e used in e a c h c a s e . N a t u r a l l u t e t ium 
w a s u s e d , the two a c t i v i t i e s being s e p a r a b l e by t he i r h a l f - l i v e s . In a d d i 
t ion , c a d m i u m r a t i o s in c a d m i u m and m a n g a n e s e w e r e m e a s u r e d n e a r the 
c e n t e r of the c o r e . 

The t r a v e r s e s ind ica te t h e r e is a s a d d l e - s h a p e d flux p a t t e r n , a s 
would be e x p e c t e d , with m a x i m a in the feeder zones . 

The c o r e was then changed to a c y l i n d e r with a p e r i p h e r a l d r iv ing 
zone. The c y l i n d e r {28-cm r a d i u s ) con ta ined about 2250 fuel e l e m e n t s and 
had a vo lume r a t i o pf about 1 : 3 of HiO:UOi. The 9 - c m thick p e r i p h e r a l zone 
c o n t a i n e d 800 fuel e l e m e n t s and had a vo lume r a t i o of 2 . 2 : 1 . Unfor tuna te ly , 
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Anew technique for correcting U"« capture distribution for fission 
product gamma contributions is being tested. The method previously used 
fs unsatisfactory because of variations in fission product decay of foils 
irradiated in different spectra. 

5. V for U"^ and Cf"^ 

The data obtained in the initial U"^ measurements (see P r o g r e s s 
Report, December 1961, ANL-6485) in the CP-5 reactor have, for the most 
part, been analyzed. Based on experience from the U"= experiment and on 
subsequent supplementary experiments, several i tems of equipment have 
been redesigned. A four-fold coincidence circuit has been built and tested; 
this unit is capable of handling pulses of various r ise t imes and widths and 
lends itself to convenient testing procedures. Two large sodium iodide 
scintillators have been incorporated in a container which will hold two l i ters 
of activated solution. A gamma-gamma coincidence requirement has been 
established with the aid of a unique count-rate doubling circuit . The cali
bration counter will consist of a 47T beta system in coincidence with a 
gamma detector. The 47T beta-detector itself consists of two high gain 
phototubes viewing the same liquid scintillation sample in a fast coin
cidence arrangement. 

Preparations have been made for the Cf̂ ^̂  experiment. A fission 
chamber, preamplifier, neutron pulse shape detection circuit , and other 
appropriate electronic equipment such as fast amplifiers and a 100-Mc 
scaler are ready to be tested. 

6. Theoretical Physics 

a. Analysis of BORAX-V Lattices (Critical Experiment in 
ZPR-VII) - Material constants have been calculated for the BORAX-V 
1.27-cm square lattice. Thermal constants were obtained using the 
Sofocate Code. Integral transport theory was used to obtain thermal dis
advantage factors. Both free hydrogen and bound hydrogen energy t ransfer 
kernels were used. It was found that bound hydrogen hardened the spec
trum, compared to the free hydrogen case, so that the c ross section for a 
l /v absorber decreased about 20%. Constants for three fast groups were 
calculated using the GAM-I code. In this code resonance absorption in 
U IS treated by the Adler-Hinman-Nordheim technique. Calculations 
were made using both the Pj and Bj approximations with and without self-
shielding factors for u"^ in the epithermal energy range. It was found 
that: (a) Bi calculations gave an increase in reactivity of about 1.5% over 
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P | calculations mainly because of the ch.inge in the fast diffusion constants; 
(b) that self-shielding in U*" produced little change in reactivity; and that, 
(c) bound hydrogen decreased reactivity about 1.5% from that obtained with 
free hydrogen. A mater ia l buckling of 1 1.9 x 1 0 ' ' cm" ' was calculated for 
the BOR.\X-V square lattice. This value appears to be somewhat higher 
than the experimental value although the sensitivity of the experimental 
value to reflector savings makes this statement uncertain at the present 
time. 

An investigation of the fast fission factor was made for the 
BORAX-V l .27-cm square lattice and the 1.27-cm triangular lattice. A 
comparison was made of values of e found by using a collision probability 
t ransport theory method based on that described by Soodak and Sullivan 
(NDA-21 31 - 38) and values found from a homogeneous method. It was found 
that the collision probability method gave values of e-1 about 5% higher 
than the homogeneous method for the square lattice and about 3% higher 
for the more tightly packed triangular lattice. 

b. Mathematical Numerical Methods Analysis - Some functions of 
importance to reactor physicists (e.g , the •» and X Doppler broadening 
functions) may be reduced to the e r r o r function of a complex agreement, 
or to the related function: 

w(z) = e"^ 

Methods of evaluating this function have been reinvestigated. Two con
tinued fraction expansions have considerable meri t . The first 

w(2) - • ' ' M (2z') - I (2z') - 5 (2z' 

4s - 2 
(Zz^) - 2s - 3 

is rapidly convergent for z in the first quadrant, and z v 2. The second 
fraction. 

, -.. - 2zVl5 
w z) = e +1 —; —J. y + 

' - ' - ' ( -2z') ' t 1/21 

- z ' / 3 7 1 - " ' z 
• + 1 

\, 3/2 > x' 

2s (2s - II 
( 4 s - 3 ) ( 4 s - l ) M 4 s + 1) 

+ ' • ' ' ' • • • - " ' I • + 

( 4 s - l ) ( 4 s ' t ' 3 ) 
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converges rap id ly n e a r the o r ig in . In t h e s e e x p r e s s i o n s , s i s t he t e r m 
index P r e l i m i n a r y t r i a l s on the L G P - 3 0 c o m p u t e r i nd i ca t e tha t the r a n g e s 
of p rac t i ca l convergence of the two e x p r e s s i o n s o v e r l a p s a t i s f a c t o r i l y . 
Systemat ic n u m e r i c a l t e s t s a r e now u n d e r w a y to d e t e r m i n e the c o n v e r g e n c e 
prof i les for va r ious d e s i r e d o c c u r r e n c e s . 

c F a s t Reac to r Fue l Cycle S tudies - The C Y C L E p r o d u c t i o n 
s e r i e s has continued with s tud ies of the inf luence of l o w e r f i s s i o n p r o d u c t 
removal during r e p r o c e s s i n g , h ighe r c o r e and b l anke t b u r n u p s , and the 
use of n iobium ins tead of s t a i n l e s s s t ee l c l ad in the c o r e . The u n i f o r m 
l inear i r r a d i a t i o n co re mode and independent zone b l anke t hand l ing m o d e s 
have also been studied. T h e s e r e p l a c e the u s u a l cyc l i c c o r e and b l a n k e t 
mode for fuel m a n a g e m e n t . The inf luence of a l o w e r d e n s i t y b l a n k e t i s 
now being examined. 

The next s e r i e s of C Y C L E p r o d u c t i o n p r o b l e m s wil l r e t u r n to 
the T h - U ' " p r o b l e m s ment ioned in e a r l i e r p r o g r e s s r e p o r t s . T h e s e p r o b 
l e m s will be run using ELMOE d e r i v e d c r o s s s e c t i o n s su i t ab l e for the c o m 
posi t ions of the va r ious t h o r i u m s y s t e m s . 

The CYCLE code is be ing modi f i ed so a s to s impl i fy input and 
also to allow study of the v a r i a t i o n a c r o s s the e q u i l i b r i u m c y c l e . The 
modified code will no longer r e q u i r e an ini t ia l input t ape for the R E 122 
(neutron diffusion) por t ion of the code . All such input wi l l now be w r i t t e n 
by the code au tomat ica l ly . This change r e d u c e s the c h a n c e for input 
e r r o r s and a lso r e d u c e s the n u m b e r of input t a p e s f r o m two to one . 

The input rout ine h a s a l so b e e n m a d e m o r e f lex ib le so tha t the 
u s e r may put in reg iona l outer r a d i i , r e g i o n a l v o l u m e s , or r e g i o n a l t h i c k 
n e s s e s . Or iginal ly , only the f i r s t p o s s i b i l i t y was p e r m i t t e d . T h e p r e s e n t 
change r e l i e v e s the u s e r of s q u a r e roo t or cube roo t m a n u a l o p e r a t i o n s . 

The va r i a t i on a c r o s s the e q u i l i b r i u m cyc l e wil l u s e a s input 
the r e s u l t s of a converged CYCLE p r o b l e m . E i t h e r the v a r i a t i o n of the 
core with blanket fixed, or the v a r i a t i o n of the b l anke t wi th c o r e f ixed wi l l 
be allowed. The p r inc ipa l new input n u m b e r r e q u i r e d is the n u m b e r of 
t ime in te rva l s into which the cycle i s to be p o r t i o n e d . 

d. Analys is of Sca t t e r ing Law for M o d e r a t o r s E x p e r i m e n t -
Analysis of data obtained f rom the S c a t t e r i n g L a w for M o d e r a t o r s e x p e r i -
ment c u r r e n t l y taking place at the NRU r e a c t o r at Cha lk R i v e r h a s b e e n 
submit ted for publ icat ion in the R e a c t o r C o n s t a n t s C e n t e r N e w s l e t t e r s . 

2 / . -, '^^^ n e w s l e t t e r s l i s t the d i f fe ren t ia l s c a t t e r i n g c r o s s s e c t i o n 
d a/dEdn, and the s c a t t e r i n g su r f ace S(a, |6) for H^O, D^O, B e O , and 
graph i te . The c r o s s sec t ions S^a /SESf i a r e given a s func t ions of the 
s ca t t e r ed neu t ron ene rgy and angle for s e v e r a l inc iden t n e u t r o n e n e r g i e s 
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and moderator tempera ture . The scattering surface S(a ,^) is listed as a 
function of the para ineters a and p, where a represents the square of the 
absolute value of the momentum change, and /3 represents the energy t ransfer . 

Table \'1I summar izes the incident neutron energies and moder
ator t empera tures for which data have been submitted. 

Table VII - Incident Neutron Energies and Moderator Tempera tures 
for Differential Scattering Cross Sections 

Incident Neutron Tempera tures , 
Moderator Energy (ev) °K 

H;0 0.0355 293, 423 
293 
423 
293 

DjO 0.0342 423 
293 
423 
293 

Be 0.0372 293 
293 

BeO 0.9161 293 
293 

293 
293 

e. Calculations of Doppler Coefficient - The Doppler coefficient 
has been calculated, using the ELMOE code to obtain the coarse group 
fluxes for several PuOj-UOj iind PuC-UC fueled fast reac tors . The 
temperature-dependent c ross sections given by Greebler* for P u " ' and 
U"* were used. Core volume fractions were 0.52 sodium, 0.32 fuel, cind 
0.16 s tainless steel, the fuel being assumed to be at full density. Cal
culations were also made with all sodium removed. The reactivity de
c rease was calculated for an increase of temperature from 300°K to 
2500''K. Results are given in Table VIII. 

It is observed that carbide-fueled reac tors have a reactivity 
change about 70% of that for oxide-fueled reac tors . The available reactivity 
change from a normal reactor operating tempera ture to melting for oxide 
reac tors would be perhaps a third or less the values listed. Since carbide 

0, 0355 
0.0934 
0 
0 

0, 

1238 
257 

0342 
0.0394 
0.0968 
0. 1085 

0.0372 
0. 1236 

0.9161 
0.0980 

0. 
0 
107 
181 

• P . Greebler , £t ad., "Calculations of Doppler Coefficient .ind Other 
Safety Paranneters for a Large Fast Oxiile He,n tor," GEAP-3646 
(May 21, 1961). 
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reactors would have lower fuel temperatures for the same pin size and 
power density, the indicated difference between carbide and oxide, would, 
under these conditions, be at least partially compensated for since the 
temperature difference between operating and meltdown would be greater . 
Metal-fueled reactors were found to have a coefficient about 10% of that 
of oxide-fueled reactors . 

Table VIII - Doppler Reactivity Decrease for Increase of 

Fuel 

Oxide 

Carbide 

Temperature 

Pu"Vu"« 
Atom Ratio 

1/9 
1/9 
1/7 
1/7 

1/9 
1/9 
1/7 
1/7 

from 300°K to 

Sodium 
Present 

Yes 
No 
Yes 
No 

Yes 
No 
Yes 
No 

2500°K 

_ 
300' 

(% 6 k) 
• - 2500°K 

2.63 
1.44 
1.81 
0.92 

1.94 
1.11 
1.30 
0.63 

The 1/7 and 1/9 enrichment ratios correspond to a core size 
range of 2000 to 3000 l i ters . It is only in large dilute cores that the 
Doppler coefficient is large enough to be of importance. 

The calculated Doppler coefficient with sodium present is seen 
to be larger than that with sodium absent by as much as a factor of 2. This 
is principally due to an increase in low energy flux caused by the moderating 
effect of the sodium. The effect of the varying sodium content on the low 
energy fission and capture cross sections has not yet been taken into account. 

B. Reactor Fuels Development 

1. Corrosion Studies 

a- Aluminum Powder Product Tubing - The importance of "as 
produced" hydrogen in powder product tubing has been indicated in co r ro 
sion tests at 290'=C. Only 2 of 10 samples of Armour Research Foundation 
tubing produced from as atomized powder remain in good condition after 
about four months' exposure to 290°C water. By contrast , all ten samples 
from the same tubing which had received a one hour vacuum heat t rea tment 
at 550 C are in good condition. This heat treatment removes a large f rac
tion of the "as produced" hydrogen. 

. , " ° ' tensile tests have been performed on the powder product 
tubing with the results shown in Table IX. 



39 

Table IX. T e n s i l e Strength of Aluminum Powder Product Tubing 

Ult imate 
Tens i l e Strength 

315»C Alloy A288 - ARF - as a tomized 7500 psi 
7500 psi 

Al loy A288 - ARF - mi l l ed 48 hr 9200 psi 
9700 psi 

Alloy A288 - .A.RF - mi l l ed 72 hr 11,600 psi 
12,200 psi 

Alloy A288 - Torrance B r a s s Co. 7700 psi 
7200 psi 

Alloy 341 - ARF - as a tomized 9200 psi 
9600 psi 

b. Z irconium Al loys for Superheated Steam - There have been no 
inspec t ions of c o r r o s i o n test s a m p l e s during April . P r e l i m i n a r y X-ray 
diffraction s tudies (ref lect ion from f i lms produced after e x p o s u r e s to 
superheated s team of from 88 to 107 days) revea led no difference in f i lms 
formed at 540°C and b50°C. Z r - 2 w / o N i - 0 . 5 w / o Fe and Z r - l w / o Cu-
0.7 w / o Fe c o r r o s i o n products produced identical patterns (probably cubic) . 

c. Lightweight Alloy for Liquid Mercury - The poss ib le use of 
t i tanium a l loys for radiator tubing in a nuclear reactor power plant oper
ating on a liquid m e r c u r y cyc l e requires adequate c o r r o s i o n r e s i s t a n c e to 
m e r c u r y in a t emperature range between 371° and 538°C The c o r r o s i o n 
behavior of these a l loys v a n e s cons iderably and is a l so affected by heat 
t r e a t m e n t s . No data on nitrided t itanium a l loys i s avai lable in the l i t erature . 

Four t i tanium a l loys : T i - 8 Mn, T i - 2 . 5 A l -16 V, Ti-7 Al -12 Zr, 
and T i - 3 A l - 5 Cr (all w / o ) were nitrogen nitrided. These a l loys were s e 
lec ted b e c a u s e of their re la t ive ly high r e s i s t a n c e to mercury at 3 7 r c in 
prev ious t e s t s and their potential as s tructural m a t e r i a l s . The nitrided 
s u r f a c e s w e r e a dull golden c o l o r , except in the c a s e of the T i - 7 w / o Al-
12 w / o Zr a l loy which exhibited a bright b r a s s - c o l o r e d surface . 

C o r r o s i o n t e s t s of these nitrided a l loys revea led that Ti-7 Al-12 Zr 
and T i - 2 . 5 A l - 1 6 V suffered no attack in liquid m e r c u r y at 454°C after a 14-
day test period. However , T i - 8 Mn and Ti - 3 A l -5 Cr a l loys showed weight 
l o s s e s of 0.05 and 1.11 m g / c m ' (average of two s a m p l e s ) r e s p e c t i v e l y under 
the s a m e tes t condit ions . T h e s e weight changes are attributed to the c r a c k 
ing of sharp c o r n e r s and edges on the s p e c i m e n s during exposure . 



2. C e r a m i c F u e l s 

a. U r a n i u m - T h o r i u m Sulfide - Fo l lowing the p r e p a r a t i o n of a 
125 g r a m batch of fully e n r i c h e d low t e m p e r a t u r e u r a n i u m m o n o s u l f i d e 
m i x t u r e (see P r o g r e s s R e p o r t , J a n u a r y 1962, A N L - 6 5 0 9 ) , the a p p a r a t u s 
was modified to give a m a x i m u m c a p a c i t y of 270 g r a m s p e r r u n . No new 
p r o b l e m s were encoun te red in p r e p a r i n g t h e s e l a r g e r b a t c h e s , wh ich a r e 
now being used in the p r e p a r a t i o n of t h e r m a l conduc t iv i ty and i r r a d i a t i o n 
s a m p l e s . 

Modificat ions w e r e m a d e in the induc t ion s i n t e r i n g e q u i p m e n t 
which made it poss ib le to m a i n t a i n a m u c h m o r e p u r e s i n t e r i n g a t m o s p h e r e . 
US pe l le t s p r e s s e d f rom -lOOM m a t e r i a l , which w a s h o m o g e n i z e d at 1800''C 
for one hour in a rgon, s i n t e r e d to only 83.5% t h e o r e t i c a l d e n s i t y in one h o u r 
at 1800°C. Consequent ly , a study was m a d e to see if the p a r t i c l e s i ze w a s 
affecting the s in te r ing r a t e . F r a c t i o n s of - 1 0 0 , -200 and - 3 0 0 M w e r e u s e d 
in fabr icat ing pe l l e t s which w e r e f i r ed in a r g o n for 4-j-hours at t e m p e r a 
t u r e s ranging f rom 1740° to 2030°C. Dens i f i ca t ion showed an i n v e r s e r e l a 
t ionship to the p a r t i c l e s i ze , m a x i m u m dens i ty be ing f i r s t r e a c h e d by the 
-325M m a t e r i a l at 1740°C, the -200M m a t e r i a l at 1800°C and the -lOOM 
m a t e r i a l at 1900°C. Only c lo sed p o r o s i t y r e m a i n e d at the m a x i m u m d e n s i 
t i es of 91-92% t h e o r e t i c a l . P o l i s h e d s ec t i ons i n d i c a t e d tha t s i n t e r i n g had 
been a c c e l e r a t e d by the p r e s e n c e of a s m a l l amount of l iqu id UOS-US 
eu tec t ic . Although no a n a l y s e s w e r e m a d e , p a s t o b s e r v a t i o n s a l low u s to 
e s t ima te that the bodies r a n g e d f rom 98% to 99+% US p h a s e , wi th the r e 
ma inde r being UOS. Higher t e m p e r a t u r e s s e r v e d only to i n c r e a s e the g r a i n 
s ize with some consol ida t ion of p o r e s but no i n c r e a s e in d e n s i t y . G r a i n 
growth in these m a t e r i a l s was quite e x t e n s i v e . A v e r a g e g r a i n s i z e r a n g e d 
f rom 51 to 243 m i c r o n s . S m a l l e r g r a i n s ize for p r e s s i n g would s e e m d e 
s i rab le since l iqu id -phase s i n t e r i n g is thought to p r o c e e d at a r a t e i n v e r s e l y 
r e l a t ed to the pore s ize . F i n e r m a t e r i a l could be p r o d u c e d m o s t e a s i l y by 
us ing a lower homogeniza t ion t e m p e r a t u r e with an e x t e n d e d soak in p r e f e r 
ence to extended gr inding which is m o r e l ike ly to i n t r o d u c e f u r t h e r 
contaminat ion. 

3. F a b r i c a t i o n Development 

^- .Fab r i ca t ion of 2 - m i c r o n Tungs t en F o i l - T u n g s t e n foil of a p 
p rox ima te ly 2 m i c r o n s t h i cknes s h a s been p r o d u c e d . It wil l be u s e d to 
complete a s e r i e s of r e s o n a n c e i n t e g r a l m e a s u r e m e n t s in the ATSR r e a c t o r . 

^^*'''" =5everal p r e l i m i n a r y ro l l ing o p e r a t i o n s , u s i n g v a r i o u s 
t ' e m n ? ' r P " " ' " " ; ^ ^ ^^^ ^l^^ding m a t e r i a l s , it w a s d e t e r m i n e d tha t r o o m 
ef^ctTve r 1 l ' "^^"^ m t e r m e d i a t e s t r e s s r e l i e v i n g p r o v e d m o s t 
was 6 mi', T ^ T J 'u * ^ - ' ^ — "^elow 1 m i l . The s t a r t i n g m a t e r i a l was b mi l F a n s t e e l sheet . 
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Cold reduction of the tungsten w.i-. ilune by the pack roll ing 
method, i . e . , insert ion of the tungsten between two-J^ in. thick s t a i n l e s s 
s t ee l s h e e t s , the lead e d g e s of which were joined by welding. Reduct ions 
of 10-15''» per pass w e r e taken. A total of approximately 60% reduction 
was per formed between s t r e s s re l iev ing operat ions . 

In order to prevent oxidation of the foil during s t r e s s re l iev ing 
at 950°C, the tungsten was spaced between two molybdenum shee t s which 
were jacketed in s t a i n l e s s s tee l and welded c losed . After air cool ing to 
room t e m p e r a t u r e , the foil was removed and placed in the pack rol l ing con
tainer for further reduction. After each s t r e s s relief the foil was rotated 
90° from the previous rol l ing direct ion. 

Using the above procedure the b mil tungsten was rol led down 
to approximate ly 0.1 mi l in th ickness . A m i c r o m e t e r is u s e l e s s in this 
t h i c k n e s s range and final m e a s u r e m e n t s are made by weighing a p iece of 
foil of known area and calculat ing the th ickness using a m e a s u r e d density 
value. For this part icular foil a th ickness of 7.5 x 10"' inches (approxi
m a t e l y Z u) was obtained. 

b. Fabr icat ion of Very Thin Zirconium Isotope F o i l s - The need 
for stable Zr i so topes ( P h y s i c s Divis ion) resul ted in a contract with Batte l le 
(BMI) for the reduction of the ox ides of 2 r ' ° ' " ' " ' ' * to pure metal by ca lc ium 
reduction and double iodide depos i t ion on a 5 mil tungsten wire . Upon c o m 
pletion of the c o n v e r s i o n by BMI the mater ia l was t rans ferred to ANL for 
foil fabricat ion. 

The " a s - r e c e i v e d " isotopic mater ia l (wire approximate ly- j j in. 
d iameter x 1 in. long), containing the 5 mil tungsten core w i r e , was reduced 
by longitudinal and c r o s s roll ing to a th ickness of 3 m i l s . A radiograph 
located the tungsten wire and diffusion zone and this comple te area was 
r e m o v e d from the foil 

Further reduction of the remaining foil was carr i ed out by 
m e a n s of pack rol l ing at room temperature ; the foil being contained be
tween tworj^ in. thick s t a i n l e s s s teel s h e e t s , welded together at the lead 
end. A final th i ckness of approximate ly 2 to 5 m i c r o n s has been obtained 
on all the above i so topes by this technique. The roll ing direct ion is a l 
ternated by a 90° rotation of the foil within the pack, or envelope . Reduc
t ions of 10-20% per p a s s w e r e used and no intermediate anneals were 
n e c e s s a r y . 

4. Nondestruct ive Tes t ing 

a. Ul trasonic Techniques - A sample network has been cons tructed 
to improve the e l e c t r i c a l - t o - m e c h a n i c a l energy transfer between the sound 
generator and r e c e i v e r and the crysta l t ransducer . This network is used 



for r e m o t e mount ing and it p r o v i d e s good power t r a n s f e r and i m p e d a n c e 
matching . It c o n s i s t s of a coil and c a p a c i t o r , both p l a c e d a c r o s s the c r y s t a l , 
and the whole tank tuned to the o p e r a t m g f r e q u e n c y . The coi l is a l s o a p a r t 
of an impedance t r a n s f o r m e r to m a t c h the i m p e d a n c e s b e t w e e n the c r y s t a l 
and the t r a n s c e i v e r . 

A pulse g e n e r a t o r which p r o d u c e s a 500 vol t p u l s e wi th a b a s e 
dura t ion of 0.06 jisec h a s been c o m p l e t e d . T h i s g e n e r a t o r wi l l be u s e d in 
the s e a r c h for a p r a c t i c a l way to r e s o l v e sound s i g n a l s of v e r y s h o r t t i m e 
separa t ion , which c o r r e s p o n d to s h o r t d i s t a n c e s in m a t e r i a l s be ing t e s t e d 
for f laws, bonds , e tc . 

b . Neut ron Techn iques - A f i r s t se t of r e s o l u t i o n da ta h a s now 
been evaluated for m o s t of the d i r e c t e x p o s u r e , p h o t o g r a p h i c n e u t r o n 
imaging t echn iques . It h a s been found tha t as the c o n v e r t e r s c r e e n t h i c k 
n e s s i s d e c r e a s e d to a c e r t a i n va lue the r e s o l u t i o n for m o s t of t he s c r e e n 
m a t e r i a l s tends to i m p r o v e and then e s s e n t i a l l y l e v e l s off for f u r t h e r d e 
c r e a s e s in s c r e e n t h i c k n e s s . T h i s l eve l ing a p p e a r s to be due to two f a c t o r s . 
One is that the rad ia t ion e m i t t e d f rom the c o n v e r t e r s c r e e n h a s suff ic ient 
energy to sp r ead within the fi lm e m u l s i o n , t h e r e b y l i m i t i n g the r e s o l u t i o n . 
The second l imi t ing fac tor a p p e a r s to be c a u s e d by s c a t t e r w i th in the c o n 
v e r t e r and film emuls ion which b e c o m e s d e t e c t a b l e b e c a u s e of t he long 
neut ron e x p o s u r e s needed to obta in a r e a s o n a b l e p h o t o g r a p h i c d e n s i t y wi th 
many of the s lower r e s p o n s e thin s c r e e n m e t h o d s . 

Most of our p r e v i o u s i m a g e s h a r p n e s s da ta have b e e n c o n f i r m e d 
by these c u r r e n t r e so lu t i on t e s t s . One s ign i f ican t change is tha t ou r p r e s 
ent data indicate that the u s e of a double gado l in ium s c r e e n e x p o s u r e m e t h o d 
would be p r e f e r ab l e to the u s e of a s ingle gado l in ium s c r e e n u s e d wi th a 
lead in tens i f ie r . The double gado l in ium s c r e e n m e t h o d y i e l d s bo th b e t t e r 
speed and reso lu t ion than the l e a d - g a d o l i n i u m m e t h o d . A n o t h e r c h a n g e is 
that the supe r io r i t y of the gadol in ium s c r e e n t e chn ique for r e s o l u t i o n is 
even m o r e pronounced than our p r e v i o u s da ta i nd i ca t ed . T h i s m e t h o d 
a p p e a r s to have much g r e a t e r r e s o l v i n g power than any of our o t h e r e x 
posu re me thods , e i the r d i r e c t e x p o s u r e or t r a n s f e r . High c o n t r a s t i m a g e s 
of holes s e p a r a t e d by a p p r e c i a b l y l e s s than 0.001 in. have b e e n r e s o l v e d 
by this technique. 

An evalua t ion of a P o l a r o i d c a m e r a - l i t h i u m - 6 s c i n t i l l a t o r 
method for detect ing t h e r m a l n e u t r o n i m a g e s h a s b e e n m a d e and a r e p o r t 
p r e p a r e d . Since th i s me thod is e x t r e m e l y fas t and c o n v e n i e n t , it i s v e r y 
useful for a l ignment and p r e l i m i n a r y r a d i o g r a p h i c e x p o s u r e s . H o w e v e r , 
i ts use fu lness for m o r e g e n e r a l r a d i o g r a p h i c a p p l i c a t i o n s a p p e a r s l i m i t e d 
by the 12 to 15% c o n t r a s t s ens i t i v i t y capab i l i t y of the d e t e c t i o n m e t h o d . 

'̂ ^ Radiographic Techn iques - A g a m m a r a y s p e c t r o m e t r y 
method of de te rmin ing the p e r c e n t U"^ in dep l e t ed u r a n i u m u s i n g a 
512 channel ana lyze r c o m p u t e r is be ing deve loped . The m e t h o d u s e s 
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normal uranium as a b a s i s for compar i son . A highly enr iched sample is 
used to produce the gamma spec trum of U'". The U ' " spectrum is then 
str ipped from the normal spec trum leaving the gamma spectrum of U 
In this manner the fract ion of the U ' " spectrum needed to comple te ly r e 
m o v e the 184 kev gamina peak from the normal spectrum is de termined . 
The g a m m a spec trum of depleted uranium with var ious percentages of 
U ' " between z e r o and normal can then be constructed and compared to 
s a m p l e s to be analyzed. Samples of ZPR blanket mater ia l are now being 
analyzed and r e s u l t s will be compared to m a s s s p e c t r o m e t e r a n a l y s i s . 

C. Reactor Mater ia l s Development 

1. Radiation Damage in Metals 

Steel and copper s p e c i m e n s irradiated in C P - 5 and EBR-I as re 
ported in the previous report ( P r o g r e s s Report , March, 1962, A N L - 6 5 4 4 , 
p. 42) are ready for mechanica l test ing. The impact t e s t s on s tee l must 
be per formed in a cave . The impact machine has been insta l led in the 
c a v e , t e s t e d , and ca l ibrated . Impact proper t i e s of the unirradiated control 
m a t e r i a l wil l be m e a s u r e d f irst . 

Counting of the nickel monitoring w i r e s placed in each s p e c i m e n 
capsu le indicates that burnup of Co*' by thermal neutron flux is appre
c iab le . Hence additional data are being obtained to determine thermal flux 
l e v e l s so that appropriate c o r r e c t i o n s may be made. 

The d o s i m e t r y c a p s u l e s containing monitoring foi ls which were 
irradiated before the s p e c i m e n s as reported in ANL-6525 ( P r o g r e s s Report . 
February , 1962, p. 40) have been counted, and the data are being analyzed. 
Some of the fo i l s used in C P - 5 were found to be o v e r e x p o s e d at 24 hr. 
Another set has been loaded for a shorter exposure of 1 hr 

A set of 2 0 - g r o u p c r o s s s e c t i o n s for computing spec tra has been 
u s e d to ca lcu la te e x p e r i m e n t a l l y de termined activation rat ios in Topsy , 
Godiva. and a s lower ZPR-III a s s e m b l y . This set has a l so been used to 
ca lcu la te the attenuation of f i s s i o n neutrons in water. The re su l t s of these 
ca lcu la t ions are being analyzed to de termine whether these c r o s s sec t ions 
can be u s e d to predict the spectra adequately for radiation damage rate 
c a l c u l a t i o n s . 

D. Heat Engineer ing and Fluid Flow 

1. Double Tube Burnout Studies 

The double tube burnout test s ec t ion , as or ig ina l ly des igned , failed 
during the initial t e s t b e c a u s e differential expans ion caused the inner lube 
to bow against the outer tube ( P r o g r e s s Report , D e c e m b e r , 1961, ANL-6485) 
The sec t ion was redes igned to use sapphire s p a c e r s to help support the 
inner tube and prevent buckling. 



On the initial high power burnout test of the modified section, the 
power was interrupted by a burnout t r ip indication from the outer tube. 
This was unexpected since the outer tube was operated at a considerably 
lower heat flux than the inner tube. A second attempt terminated in a 
similar manner and inspection of the test section revealed that two small 
holes had been burned through the outer tube. The test section was r e 
moved and disassembled and it was found that the inner tube had again 
buckled against the outer tube. The sapphire spacers that were supposed 
to prevent contact had disintegrated, apparently from vibration against the 
outer tube. 

A design modification has been initiated that will allow the inner 
tube to move relative to the outer tube and thereby eliminate the compres 
sive stress induced in the inner tube by differential expansion. 

E. Chemical Separations 

1. Fluidization and Fluoride Volatility Separations P roces se s 

a. Plutonium Particulate Filtration - Additional measurements 
have been made of the penetration of filters used in the ventilation systems 
of facilities where plutonium hexafluoride is handled. The plutonium hexa
fluoride was released into an air s t ream containing sufficient moisture to 
ensure the vapor phase hydrolysis of plutonium hexafluoride to a particulate 
material (probably PUO2F2 or PUF4). The resul ts to date show that the 
penetration of this particulate material through two AEC fi l ters placed in 
series ranges from 0.002 percent to 0.00002 percent. 

b. Direct Fluorination of Uranium Dioxide Fuel - The efficiency 
of a two-step fluorination procedure for the removal of plutonium from a 
solid solution of uranium dioxide and plutonium dioxide mixed with Alundum 
is being investigated. The oxide mixture was first exposed to 10 volume per
cent fluorine at 450°C for four hours, and then exposed to 72 volume percent 
fluorine at 550°C for six hours. About 96 percent of the plutonium in the 
solid reaction mixture was removed. By lengthening the t rea tments at 
450 C and 550°C to 10 hours each, the plutonium removal was increased to 
about 98 percent. The re-use of the Alundum inert bed mater ia l in the 
fluorination of several additions of uranium-plutonium oxide mixtures was 
investigated. Two experiments were performed in which three separate 
uranium oxide-plutonium oxide charges were consecutively fluorinated for 
four hours at 450°C and six hours at 550°C using the same Alundum sub
strate for each of the two experiments. The resulting residue was further 
fluorinated for ten hours at 550°C. Plutonium removals of about 98 percent 
were obtained. 

A mathematical analysis of off-gas recycle systems was made 
m order to guide the design of pilot plant-scale experiments directed toward 
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opt imizat ion of p r o c e s s condit ions lor the lluorin.ition of larger c h a r g e s 
of uranium dioxide pe l l e t s . A s c h e m e eniploying o i l - g a s recyc l e together 
with the addition of nitrogen as a fluorine feed diluent appears capable of 
attaining high fluorine e f f i c i e n c i e s . Oxygen is produced in the react ion 
of f luorine with uranium dioxide. Oxygen concentrat ion in the reactor is 
maintained at any d e s i r e d leve l by diluting the fluorine with nitrogen to 
control the rate of react ion and by varying the gas r e c y c l e rate. 

Another run in the current pilot plant s e r i e s was made in 
which an I 8 - i n c h deep bed of-r x 4- - inch cyl indrical uranium dioxide pe l l e t s 
w e r e c o m p l e t e l y f luorinated at 500°C. The reactant g a s e s in the present 
run were m o r e dilute than prev ious ly used. The inlet gas was about 10 per
cent f luorine diluted with ni trogen, and the gas recyc l e rate was about 
20 t i m e s the inlet f luorine rate. The overa l l t ime of fluorination was 
43.5 hours . The overa l l f luorine ut i l izat ion eff ic iency was 77.5 percent . 
Operat ion was sa t i s fac tory , although partial caking of the bed o c c u r r e d 
ear ly in the run. The bed res idue at the end of the run was free flowing. 

c. F l u i d - B e d Hydro lys i s of Zirconium Tetrachlor ide - Improved 
operat ion of the s i x - i n c h d iameter f luid-bed reactor for the h y d r o l y s i s of 
z i rcon ium te trach lor ide has been achieved by lowering the bed t emperature 
from 450° to 350°C. The current e x p e r i m e n t s employed z ircon ium t e t r a 
ch lor ide feed rates of 1.2 and Z.Z kg /hr for per iods up to 3.2 hours in 
duration. Improvement of operat ion was ev idenced by (1) part ic le growth, 
(2) reduced quanti t ies of f ines , and (3) negl ig ible p r e s s u r e buildup in the 
reac tor during the runs. All of these fac tors indicate that a higher per 
centage of the subl imed te trachlor ide feed is being converted to the dioxide 
on the surface of the bed p a r t i c l e s . Equally sat i s factory re su l t s were ob
tained with a start ing bed of mater ia l partly coated with z irconium dioxide 
a s wel l as with fresh alumina. The o f f -gas condensate s t r e a m contained 
about 0.005 percent of the z i rcon ium fed during a run indicating very low 
l o s s of so l ids (or p a s s a g e of unreacted z irconium te trachlor ide) from the 
s y s t e m through the s in tered metal f i l t er s . 

2. Chemica l Meta l lurg ica l P r o c e s s Studies 

a. C h e m i s t r y of Liquid Metals - M e a s u r e m e n t s of the so lubi l i t i e s 
of var ious e l e m e n t s in liquid metal so lvents are being continued. It was 
found that the solubi l i ty of neodymium in liquid zinc may be represented by 
the e m p i r i c a l equation 

(425° to 720°C) Neodymium: log (weight percent) = 7 074 - 712h T" 

The solubi l i ty of uranium in liquid gal l ium may be represented 
by the equation 

(34 3° to 649°C) Uranium: log (atom percent) - 6.70 - 8840 T' ' i 1 99 x 10'T"' 



Attempts by differential thermal analysis to determine the 
peritectic temperature of the transition of the epsilon phase to the delta 
phase in the uranium-zinc system were unsuccessful. It is believed that 
the differences in the structures of the phases in the region of the pe r i 
tectic are very small and, consequently, the heat of reaction is also small, 
A liquidus temperature of 957° ± 1°C was observed for a 28 percent zinc-
uranium alloy. 

The solubility of uranium in liquid magnesium-zinc solutions 
has been measured at 650°, 700°, and 750°C. The data obtained, together 
with values of the solubility of uranium in pure magnesium derived by ex
trapolation of the solubility data, are given in Table X. 

Table X. Solubility of Uranium in Magnesium-Zinc Solutions 

Magnes ium 
Cone. 
(a/o) 

40 
60 
80 

100 4. 

650°C 

1.40 
0.173 
0.012 

3 X 10-4^ 

U r a n i u m Solubi 
( a /o ) 

700°C 

1.55 
0.203 
0.018 

9.9 X 10-4^ 

.lity 

750°C 

1.95 
0.245 
0.021 

1.3 X 10 -3^ 

^Solubilities obtained by extrapolation of data at lower 
magnesium concentrations. 

In preliminary experiments with the recording effusion balance, 
several compounds in the calcium-zinc system were observed. A compound 
having the composition CaZn^ was found. A phase CaZn^^, which may have 
a composition range, was also observed. A new compound CaZn_jj was 
also found. The existence of this compound was confirmed by X-ray analysis. 

^- Metal Distillation Studies - In additional runs in the large-scale 
cadmium distillation unit, the power input was gradually increased to de
termine the capability of the unit and to uncover problems associated with 
high distillation rates. The apparent rate of cadmium evaporation reached 
102 kilograms per hour, but there was evidence of extensive entrainment 
of liquid in the vapor. 

c. Calorimetry - A preliminary value of -167.20 ± 0.20 kcal /mole 
has been obtained for the standard heat of formation of CdF,(c). This may 
be compared with presently accepted values of -161.2 to -167 kca l /mole . 

. r . ^ ' f ^" ' ' ' ' ' ' "^ ^""Y ^""^ *^^ standard heat of formation of MgF2(c) is 
-Zbb.38 - 0.70 kcal/mole, which may be compared with the presently ac
cepted value of -264 ± 4 kcal/mole. 
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Preparat ions .>rc being made to resume c a l o r i m e t r i c c o m b u s 
tion of uranium in f luorine. .-X s c h e m e lor analyzing for the products of 
the combust ion and the unreacted uranium has been developed. The c a l o r i 
m e t r i c s y s t e m i s being ca l ibrated . 

Exploratory e x p e r i m e n t s on the combust ion of carbon in 
f luorine have been made. F r o m 0.1 to 1 percent C^Ft was formed in the 
combust ion . This amount of hexafluoroethane would introduce an u n c e r 
tainty of about 0.05 percent in the heat of formation of CF4. Attempts are 
being made to improve the combust ion technique. 

3. General C h e m i s t r y and Chemica l Engineering 

a. F l u i d - B e d Calcinat ion Studies in S m a l l - D i a m e t e r Columns -
The effect of the operat ing v a r i a b l e s of bed temperature and starting 
part i c l e s i z e on bed part ic le s i ze is being invest igated in the 2-y-inch di
a m e t e r f luid-bed c a l c i n e r at t e m p e r a t u r e s of 425°C and 450°C. Relat ive ly 
c o a r s e s tart ing beds w e r e employed in these e x p e r i m e n t s , 200 g of 
-20 +40 m e s h and 125 g of - 4 0 +80 m e s h aluminum oxide. One molar 
a luminum nitrate solut ion is being used as the feed. The feed rate and 
a i r - t o - l i q u i d volume ratio are being held constant at va lues of 18 m l / m i n 
and 820, r e s p e c t i v e l y . Resu l t s showed growth of the c o a r s e fract ions as 
wel l as an i n c r e a s e in the fines fract ion. E x c e s s i v e "unloading" of f ines 
from the f i l t er s and their subsequent return to the bed c a u s e s caking of 
the bed. It is be l i eved that this may be c o r r e c t e d by improvement of the 
f i l ter blowback c y c l e . 



IV. ADVANCED SYSTEMS R E S E A R C H AND D E V E L O P M E N T 

A. Argonne Advanced R e s e a r c h R e a c t o r ( A A R R ) 

F u r t h e r s tud ies of p lant layout and e q u i p m e n t a r r a n g e m e n t h a v e r e 
sul ted in s ignif icant r e v i s i o n s to the o r i g i n a l des ign shown in A N L - 6 4 5 1 . * 
A s u b - b a s e m e n t has been added to the r e a c t o r c o n t a i n m e n t bu i ld ing , and 
all p r i m a r y s y s t e m hea t e x c h a n g e r s , p u m p s , p u r i f i c a t i o n and d e g a s i f i c a t i o n 
equipment have been r e l o c a t e d into the s u b - b a s e m e n t . The fuel hand l ing 
and s to r age cana l has a l so been m o v e d to a p o s i t i o n i n s i d e the c o n t a i n m e n t 
building. The equ ipment bui lding to the n o r t h of the c o n t a i n m e n t bu i ld ing , 
in which the above equ ipmen t and a m a j o r p a r t of the c a n a l w e r e f o r m e r l y 
located, has been conve r t ed to a h i g h - b a y e x p e r i m e n t a l m o c k u p a r e a . 
These changes offer s igni f icant cos t a d v a n t a g e s to the o v e r - a l l p lan t . 

E a r l i e r des igns for AARR spec i f i ed the u s e of an a l u m i n u m - c l a d , 
A l -UjOg-ce rme t c o r e . This c o r e con ta ined 6.5 kg of fully e n r i c h e d U 
and had an ope ra t ing life of about 10 d a y s . The r e f e r e n c e c o r e h a s now 
been changed to use s t a i n l e s s s t e e l - c l a d , U O i - s t a i n l e s s s t e e l m a t r i x fuel 
type. With an in i t ia l U'^^ content of 84 kg, t h i s c o r e cou ld h a v e an o p e r a t 
ing life as long as 180 days . Although the c o s t of f a b r i c a t i n g a s t a i n l e s s 
s t ee l co r e may be s e v e r a l t i m e s that for an a l u m i n u m c o r e , the d r a s t i c 
reduct ion in the n u m b e r of c o r e s r e q u i r e d for a g iven o p e r a t i n g p e r i o d wi l l 
yield a s izeable advan tage , both e c o n o m i c a l l y and wi th r e s p e c t to o p e r a t i o n a l 
p r o c e d u r e s . M o r e o v e r , the r e d u c t i o n in the n u m b e r of spen t c o r e s s t o r e d 
at any given t i m e in the cana l for cooling i m p r o v e s the sa fe ty and r e l i a b i l i t y 
of the faci l i ty. 

The use of a heav i ly loaded c o r e to a ch i eve long c o r e life h a s c e r 
tain other benef i t s . T h e s e s t e m f r o m the h a r d e r n e u t r o n e n e r g y s p e c t r u m , 
which r e d u c e s the effective c r o s s - s e c t i o n of Xe'^^ and Sm ' ' " . It h a s b e e n 
d e t e r m i n e d that in the p r o p o s e d new c o r e i t i s p o s s i b l e to r e c o v e r f r o m a 
comple te r e a c t o r shutdown within t h r e e h o u r s by add i t ion of only 1% in r e 
act ivi ty over the condit ion ex is t ing p r i o r to shutdown. T o w a r d the end of 
co re life, when the U "̂'̂  has been b u r n e d down to about 50 kg, s u c h r e c o v e r y 
is s t i l l poss ib le within 30 m i n u t e s af ter shutdown. Thus it a p p e a r s tha t 
despi te the long core l ife, p e r i o d i c s c h e d u l e d shu tdowns for s a m p l e r e m o v a l 
and other e x p e r i m e n t a l modi f i ca t ions wi l l be p o s s i b l e . M o r e o v e r , the r e 
q u i r e m e n t s for spec ia l e m e r g e n c y e q u i p m e n t to p r e v e n t u n s c h e d u l e d s h u t 
downs, which might n e c e s s i t a t e c o r e r e p l a c e m e n t b e f o r e the end of l i fe , a r e 
m a t e r i a l l y r educed . 

In the new 84 kg c o r e , the m e d i a n e n e r g y of f i s s i o n is 20 ev, w h e r e a s 
toward the end of c o r e life (50 kg c o r e ) the m e d i a n e n e r g y is 1 ev. H o w e v e r , 
s ince about 40% of the f i s s ions o c c u r be low 0.4 ev and about 40% o c c u r above 
100 ev, the l a rge shift in m e d i a n e n e r g y ac tua l ly r e f l e c t s only a s m a l l change 
in s p e c t r u m over the co re l ife. 

*D. H. Lennox, et al., "S ta tus R e p o r t on the A r g o n n e A d v a n c e d R e s e a r c h 
R e a c t o r , " ANL-6451 ( N o v e m b e r , 1961). 
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Preparat ions are there fore being made to perform a second set of 
c r i t i c a l e x p e r i m e n t s to invest igate s t a i n l e s s s teel alloy c o r e s . The cr i t i ca l 
m e a s u r e m e n t s wil l be performed in the ce l l used previous ly for the ZPR-II 
and Z P R - V p r o g r a m s . The instrumentat ion and control c ircui try for the 
a s s e m b l y has been spec i f i ed and partial ly instal led. A layout of the core , 
r epresent ing a c o m p r o m i s e between the layout planned for the actual r e a c 
tor and the r e q u i r e m e n t s for s impl ic i ty and versa t i l i ty , c h a r a c t e r i s t i c of 
z e r o power e x p e r i m e n t s , has been made. Fuel a s s e m b l y des ign offering 
rigidity, water t i ghtness , and s imple means of changing core co m po s i t i o ns , 
are being invest igated; prototype mode l s which have promise have been 
cons tructed . 

United Nuclear Corporat ion, subcontractors for an engineering study 
and c o s t e s t i m a t e for the AARR faci l i ty , has completed its initial study of 
d e s i g n information supplied by the Laboratory, and has initiated engineer ing 
work on the o v e r - a l l faci l i ty arrangement , flow shee t s and core design. A 
new bas ic core layout concept has been proposed in which the previous square 
array of fuel a s s e m b l i e s would be replaced by a hexagonal pattern. This 
change markedly reduces the s e v e r e variat ions in power generat ion h e r e t o 
fore noted around the central flux trap. However, by using fuel a s s e m b l i e s 
having a rhomboidal c r o s s - s e c t i o n rather than hexagonal , the ent ire core 
can s t i l l be fabricated of ident ical ly d imens ioned fuel p lates . A more detai led 
study of the concept is in p r o g r e s s . 



V. NUCLEAR SAFETY 

A. Thermal Reactor Safety Studies 

1. Fuel-Coolant Chemical Reactions 

Studies of the stainless steel-water reaction by the condenser d is 
charge method were resumed. Runs were car r ied out pr imar i ly with 30-mil 
wire specimens. Results showed that no detectable reaction occurred up to 
the melting point of 1370°C. Fully melted metal at 1370°C formed fine par 
ticles which reacted to the extent of 2.6 to 4.7 percent. Only about 17 per 
cent reaction occurred at initial metal temperatures of 3000°C, in room 
temperature water. 

A simple apparatus was constructed to study the reaction of solid 
uranium with steam. In this apparatus, steam is passed over uranium cubes 
supported on a thermocouple. The volume of hydrogen generated by the r e 
action is measured at various t imes. Pre l iminary resul ts indicated that the 
parabolic rate law describes the uranium-steam reaction over the range 
from 600° to 1000°C. 

Preparations were completed for the fourth se r ies of experiments 
in TREAT on graphite fuel specimens; the main pa ramete r s being studied 
are the effect of cladding and constraint. The pulsed irradiat ions a re now 
in progress. 

Metal-water experiments were performed in the TREAT reac tor on 
zirconium-uranium alloy fuel plates; the resul ts from these are not yet 
available. Two experiments were completed on Zircaloy-2 clad fuel pins 
with a thoria-urania core that had molybdenum wires ( ~4-mil) in terspersed 
in it. The lower energy run (2600°C peak core tempera tures) gave 6 percent 
zirconium-water reaction; the pin remained intact with some swelling of the 
clad. The higher energy run (~3600°C peak central core temperature) gave 
29 percent zirconium-water reaction; the pin was ruptured and the molybde
num wires in the core were melted. 

2. Metal Oxidation and Ignition Studies 

Isothermal oxidation experiments have been performed in the "heat-
sink" apparatus on the two uranium alloys (1 atom percent aluminum and a 
1 atom percent copper-uranium alloy) that showed the greatest variation 
of ignition temperatures in oxygen. In the "heat-sink" apparatus, the 
specimen cubes are pressed between large pieces of metal to prevent ex
cessive self-heating during reaction. Oxidation rate data for the 1 atom 
percent aluminum alloy shows a rapidly increasing rate between 400° and 
500°C compared with the rate observed for pure uranium. The oxidation 
rate for the 1 atom percent copper alloy shows a greater decrease in rate 
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with time at b00*C than pure uranium. These two observations explain 
qualitative changes in ignition temperatures of these alloys; an effort will 
be made to provide a quantitative explanation. 

A theoretical treatment of burning propagation velocity for single 
strips of metal burning in air has been developed. Assuming combustion 
to be controlled by gas phase diffusion of oxygen and burning propagation 
to be determined by heat conduction through the metal , reasonable ag ree 
ment with experimental values is found. This treatment will be the subject 
of a paper currently being prepared for publication. 

Studies of the ignition of spherical zirconium powder indicate the 
possibility that very short exposures of the powder to air may cause a 
marked increase (50 degrees) in ignition temperature . Additional studies 
of this effect a re planned. 

Apparatus has been completed which will permit the observation of 
the surface of a plutonium sample during oxidation. The apparatus consists 
of a Pyrex reaction cell attached to a microscope stage. A pressure sens
ing device continuously records the oxygen pressure during a run. The de
c rease in oxygen p ressu re indicates the extent of the oxidation reaction. 

B. Fast Reactor Safety Studies 

1. Experimental Meltdown Program 

In-pile experiments are being continued in the TREAT reactor to 
study the important mechanisms producing failure in fast reactor fuel e le
ments and meltdown product motion. 

a. EBR-II Elements in the Absence of Sodium - The Series XXX 
test specimens were prepared and shipped to Idaho for exposure in TREAT. 
A test specimen in this se r i es is composed of a cluster of seven EBR-II 
fuel elements contained in a small size hexagonal tube segment. The hex
agonal segment res t ra ins the elements in a manner similar to that expected 
to occur in EBR-II operat ions. All tests were dry, i .e. , performed in the 
absence of sodium coolant. The first two specimens were fueled with nor
mal uranium. The second two specimens contained a central element of 
normal enrichment surrounded by stainless steel dummy elements.^ The 
third two specimens contained a central fuel element enriched to o'.o U 
surrounded by six elements enriched to 4.1% U 

The specimens described above have been subjected to transient 
pulses in the TREAT reactor during this reporting period. The prel iminary 
resul t s of the tes ts performed on the four samples are given in Table XI. 



Table XI. Series XXX - Dry EBR-II Clusters 

Test 
No. Estimated T, °C 

1 1040 

2 Thermocouple parted 
(very high) 

3 >1035 

4 1100 

5 930 

6 -1300 

Fuel in Specimen 

All normal 

All normal 

Normal and dummies 

Normal and dummies 

6% and 4.1% U"^ 

6% and 4.1% U ' " 

2. Equipment Development 

a. Dry Opaque Capsule for Remote Assembly - The coffin lower 
section was shipped to the shop for modification of the lifting e a r s . A special 
transformer was wound which can be installed in the interior of the cave 
where capsule assembly will take place. This arrangement eliminates the 
necessity for bringing heavy current , conducting leads into the cave. 

b. Small (Package) Sodium Loop - The design of the in-cave han
dling equipment has been started. Construction and wiring of the control 
instrument consoles is approximately 10% completed. 

c. Large TREAT Loop - Construction has s tar ted on the tank pit 
which will house the sodium dump tank. The pit was excavated and lined 
with concrete. Work continued on the installation of instruments in the 
control panels for the large sodium loop. 

3. Theoretical Studies 

A topical report entitled "A Theoretical Study of Destructive 
Nuclear Burst in Fast Power Reactor," ANL-6512, has been issued. This 
report describes the calculation of destructive bursts in fast r eac to r s by 
an improved Bethe-Tait method, which for the purposes of calculation, neg
lects the propagation of a pressure wave. Then exact numerical calcula
tions for hydrodynamic and neutronic conditions during the power burs t a re 
performed in order to assess the importance of neglecting the p r e s su re 
wave. The salient outcome of this comparison is that the Bethe-Tait method 
tends to predict, for a given accident, a lower integrated energy yield and a 
higher pressure than the more accurate numerical calculation. 
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